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Recurrent selection studies have been conducted in maize (Zea 
mays L.) populations since the 1940s. A cycle of recurrent selection, 
broadly defined, includes development of a genetically variable 
population, selection of superior individuals from that population, and 
recombination of selected individuals to form a population for additional 
selection. The goals of recurrent selection are to improve the 
performance of a population or population cross, while maintaining 
genetic variability. 
Improvement of breeding populations and the efficient development 
of inbred lines and hybrids from improved populations are the two 
requirements for systematic genetic improvement in maize. Reciprocal 
full-sib selection is a breeding method combining both requirements for 
genetic improvement. Several studies have demonstrated the effectiveness 
of reciprocal full-sib selection both for improving performance of 
quantitatively inherited traits in populations and their crosses and 
for development of inbred lines and hybrids in maize. 
Advantages of reciprocal full-sib selection include: inbred lines 
developed by the method have been tested in every generation of 
inbreeding, optimizing the chances of identifying and selecting 
favorable nonadditive genetic combinations; each full-sib family 
evaluated provides a progeny test of two individuals, allowing an 
increased selection intensity or a reduction in resources allocated to 
progeny testing; and reciprocal full-sib selection, as practiced in the 
maize synthetics BSIO and BSll at Iowa State University, enforces mass 
2 
selection for prolificacy, which has been shown to be associated with 
improved stress tolerance and yield in maize. 
Responses to selection result from changes in gene frequencies in 
a population or population cross. Genetic variances are a function of 
gene frequencies. Thus, changes in the magnitudes of components of 
genetic variance may be detected in response to selection. 
In order to determine the effectiveness of recurrent selection 
programs, breeders are interested in evaluating responses of populations 
to selection. Also, an evaluation of several cycles of recurrent 
selection can provide an empirical check on quantitative genetic 
theory. 
The objective of this research was to determine the effectiveness 
of six cycles of reciprocal full-sib selection in the maize synthetics 
BSIO and BSll by: (1) evaluating correlated responses of several traits 
in the CO and C6 populations per se; and (2) determining what changes, 
if any, occurred in the magnitudes of additive and dominance variance 
from the CO to C6 cycles of BSIO and BSll. Results of this study may 
be useful in determining guidelines for future cycles of reciprocal 
full-sib selection in BSIO and BSll. 
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LITERATURE REVIEW 
Intrapopulation and Interpopulation Recurrent Selection 
Since the advent and widespread acceptance of hybrid maize (Zea 
mays L.)» a primary concern among maize breeders has been the development 
of source populations for derivation of inbred lines. Originally, 
inbred lines of maize were obtained by pedigree selection within open 
pollinated varieties. As inbred lines were developed they were recycled 
by crossing with other inbreds to form populations for pedigree 
selection. A third source of inbred lines has been improved populations 
resulting from recurrent selection programs-
Twamley (1974) generalized recurrent selection as consisting of : 
establishing a variable population, selecting the most desirable 
individuals from that population, and then recombining those individuals 
Co form a second variable population. This generalized scheme is 
conducted in a series of recurring cycles resulting in a gradual, 
stepwise improvement in performance of the population brought about by 
changes in gene frequencies. Favorable alleles, originally randomly 
distributed in the population, are channelled into a relatively small 
number of individuals by recurrent selection. 
Moll and Stuber (1974) divided recurrent selection into the broad 
categories of intrapopulation and interpopulation improvement. Intra­
population improvement is concerned with improving performance of a 
single population and inbreds derived from that population, while 
interpopulation improvement strives to improve performance of either a 
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population cross, or hybrids between lines from the two populations. 
Penny et al. (1963) subdivided intrapopulation improvement into 
phenotypic and genotypic recurrent selection. 
Phenotypic recurrent selection (mass selection) is the simplest 
form of recurrent selection and has been practiced since domestication 
of plants and animals began. Individuals are selected for recombination 
on the basis of their phenotypic performance. Gardner (1961) indicated 
that many regionally adapted strains of open-pollinated maize varieties 
were developed by mass selection. In the 1920s, the method fell into 
disfavor with maize breeders because of its apparent ineffectiveness 
due, at least in part, to lack of parental control and confounding of 
genetic and environmental effects. 
Genotypic recurrent selection involves selection of SQ plants based 
on performance of their progenies. Half-sib, full-sib, or self-
pollinated progenies can be evaluated in genotypic recurrent selection. 
In the case of self-pollinated progenies, generally or lines are 
evaluated. Genotypic recurrent selection was initially suggested by 
Hayes and Garber (1919), and further described by East and Jones (1920), 
Jenkins (1940), and Hull (1945). 
Reciprocal recurrent selection was proposed by Cornstock et al. 
(1949) as a breeding procedure that would be effective regardless of 
the level of dominance of genes controlling a trait. The method involves 
two populations, with a random sample of plants from one population 
serving as the tester for individuals from the other population and 
vice versa. Within each population individuals are selected for 
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recombination on the basis of their testcross performance. 
Because additive gene action appears to be the predominant type 
of gene action influencing yield in maize, Russell and Eberhart (1975) 
suggested that use of inbred lines rather than reciprocal populations 
as testers in a reciprocal recurrent selection program should be more 
efficient for simultaneously improving populations and developing inbred 
lines. They indicated that the genetic variance among testcrosses 
should be greater with an inbred tester. Inbred testers should be 
selected so that a line from either one population, or the same 
heterotic group as that population, serve as the tester for the other 
population, and vice versa. Studies by Horner et al. (1973), Russell et 
al. (1973), and Walejko and Russell (1977) show that the inbred line 
used as a tester can be changed during a recurrent selection program 
without negating results of previous cycles of selection. Comstock 
(1979) compared the two methods of reciprocal recurrent selection and 
concluded, with respect to changes in gene frequencies, that reciprocal 
populations would, in theory, be slightly superior to inbred lines as 
testers in many instances. 
Since about 1940, many intrapopulation and interpopulation 
recurrent selection programs have been conducted in maize. A large 
proportion of these programs have been effective in improving the 
performance of a population, or population cross, for the trait or 
traits under selection. Several successful inbred lines of maize, most 
notably B73, have resulted from recurrent selection programs. The 
results of a number of recurrent selection programs in maize have been 
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reviewed extensively by Sprague and Eberhart (1977) and Hallauer and 
Miranda (1981). 
Reciprocal Full-Sib Selection 
Hallauer (1967a) and Lonnquist and Williams (1967) proposed 
selection among and within interpopulation full-sib families to develop 
single-cross hybrids of maize. A modification of the procedure, 
integrating population improvement and single-cross development was 
described by Hallauer and Eberhart (1970). They also suggested that 
the breeding method be called reciprocal full-sib selection. Thus, 
reciprocal full-sib selection provides for the concurrent improvement 
of breeding populations and the efficient extraction of inbred lines 
from those populations, the two separate, but equally important, aspects 
necessary for systematic genetic improvement of maize (Hallauer, 1973). 
An advantage of reciprocal full-sib selection is that inbred lines 
developed by this method have been tested in every generation of 
inbreeding, maximizing selection for specific combining ability and 
optimizing the chances of identifying and selecting favorable combina­
tions of nonadditive genetic effects. Another advantage of reciprocal 
full-sib selection is that each full-sib family is a progeny test of 
two individuals, one from each population. Twice as many individuals are 
tested by reciprocal full-sib selection than in other progeny testing 
schemes- This allows either an increased selection intensity or a 
reduction in resources allocated to progeny evaluation. Reciprocal 
full-sib selection also imposes mass selection for prolificacy which has 
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been shown to be associated with increased yield in maize (Lonnquist, 
1967). 
A potential disadvantage of reciprocal full-sib selection is that 
each plant is tested by only one other plant. Thus, the breeding value 
of an individual is also dependent on the breeding value of its mate. 
However, data presented by Hoegemeyer and Hallauer (1976) show that 
reciprocal full-sib selection was effective in identifying lines showing 
high general combining ability (GCA) with other selected lines in two 
maize synthetics, BSIO and BSll. 
Ehadie and Cress (1973) used computer simulation to compare the 
single-cross development phase of reciprocal full-sib selection with 
reciprocal recurrent selection. The authors acknowledged that 
comparisons between the two methods would be limited to general trends, 
because of differences in the end products of the two methods. Con­
sidering three epistatic and three non-epistatic genetic models with 60 
loci, a positive response to reciprocal full-sib selection was predicted 
for all conditions. Predicted genetic gain per generation was always 
greater for reciprocal full-sib selection than reciprocal recurrent 
selection, and the difference between the two methods became greater as 
the proportion of nonadditive genetic variance increased. The authors 
demonstrated that predicted genetic gain was due to both increases in 
the frequency of favorable alleles, and complementary intralocus and 
interlocus changes. 
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Empirical results of reciprocal full-sib selection 
Hallauer (1967a, 1967b) reported that mean yields of x and 
X $2 interpopulation hybrids increased relative to the mean yields 
of SQ X SQ hybrids and six check hybrids, common to every generation, 
in the single-cross development phase of the reciprocal full-sib 
selection program at Iowa State University, involving the maize 
populations BSIO and BSll. It was also demonstrated that reciprocal 
full-sib selection had been effective in increasing the frequency 
of hybrids with mean yields above the mean of the check hybrids. Stalk 
lodging relative to the check hybrids was unchanged from the SQ X SQ to 
the $2 X S2 hybrids, however, there had been no intentional selection 
for stalk lodging resistance. 
Additional progress from reciprocal full-sib selection in BSIO and 
BSll was reported by Hallauer (1973). Mean yields of selected hybrids, 
relative to six check hybrids common to every generation, increased 
from the SQ X SQ generation to the S^  x S^  generation. In agreement 
with earlier results (Hallauer, 1967a; 1967b), reciprocal full-sib 
selection also was effective in increasing the frequency of hybrids 
with mean yields greater than the mean of the check hybrids. 
In the same study (Hallauer, 1973), 14 S^ , S^ , and S^  hybrids, and 
six check hybrids were evaluated at one location for three years. The 
mean yield of the experimental hybrids was 7.2 q/ha greater than the 
mean of the check hybrids. Eleven of the 14 experimental hybrids had 
mean yields exceeding that of the highest yielding check hybrid. The 
yield advantage of the experimental hybrids was mainly due to grain 
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produced on second ears. Twelve of 14 experimental hybrids had top ear 
yields lower than the lowest top ear yield of any of the check hybrids, 
while only one experimental hybrid had a second ear yield less than the 
highest second ear yield of any of the check hybrids. Grain moisture 
averaged 2% higher in the experimentals than in the check hybrids. 
Hoegemeyer and Hallauer (1976) studied a series of intrapopulation 
and interpopulation crosses among selected and unselected lines from 
BSIO and BSll. Selected lines in this study were developed from paired-
plant interpopulation crosses tested in the SQ X SQ through x 
generations of the single-cross development phase of the reciprocal 
full-sib selection program conducted in BSIO and BSll. In their study, 
interpopulation crosses averaged 7.4% greater yields than intrapopulation 
crosses, and crosses of selected lines yielded 11.2% more than unselected 
lines. Crosses between selected lines, tested as pairs, yielded 4.2% 
more than crosses between selected, but previously untested pairs of 
lines. 
Second ear yield accounted for approximately 32% of total grain 
yield in the 14 experimental hybrids evaluated by Hallauer (1973), while 
among interpopulation crosses between lines tested as pairs, Hoegemeyer 
and Hallauer (1976) found that 23% of total grain yield could be 
attributed to second ears. The positive response to selection found 
in BSIO by Hoegemeyer and Hallauer (1976) was due to increases in both 
the number and yield of second ears, while in BSll increased yield of 
first ears was almost entirely responsible for the observed yield 
increase. 
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Among crosses between lines selected by reciprocal full-sib selec­
tion, a high frequency of significant specific combining ability (SCA) 
effects was reported by Hoegemeyer and Hallauer (1976). Among the 
crosses that had been tested as pairs about 81% of the estimates of SCA 
effects were positive. In contrast, nearly 68% of the significant esti­
mates of SCA effects were negative for crosses between selected lines 
that were not tested as pairs. An equal frequency of significant positive 
and negative estimates of SCA was observed for crosses among unselected 
lines. However, such a group should represent a random sample of lines. 
Selected lines also exhibited high GCA with other selected lines. 
Thus, the single-cross development phase of reciprocal full-sib 
selection was successful in developing lines that combine well with 
both the line they were tested with, and other selected lines. 
Yield stability of the intrapopulation and interpopulation single-
cross hybrids evaluated by Hoegemeyer and Hallauer (1976) was studied 
by Gama and Hallauer (1980). Hybrids between selected lines had 
significantly greater grain yields than hybrids between unselected 
lines. Environments x hybrids interactions were significant for both 
groups of hybrids, with both groups contributing similarly to total 
environments x hybrids interaction variance. Considering regression 
coefficients and contributions to the deviations from regression for 
each genotype, the authors found similar numbers of stable hybrids 
among selected and unselected groups. It was concluded that hybrids 
should be selected first for a high mean yield across environments, and 
then the stability of selected hybrids should be determined. 
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Lonnquist and Williams (1967) reported the results of one 
generation of reciprocal full-sib selection involving a strain of Stiff 
Stalk Synthetic, and the Nebraska B Synthetic. They found that the 
mean of a group of S^  x S^  hybrids was higher yielding than either 
their S^  x SQ parents, or three check hybrids. The S^  x S^  hybrids 
were unchanged relative to the check hybrids with respect to stalk 
lodging and grain moisture at harvest-
Ottaviano et al. (1984) reported the results of the single-cross 
development phase of a reciprocal full-sib selection program involving 
BSIO and the Fg population of the single—cross 33-16 x M14. Lines were 
selected in the SQ X SQ through S2 x S2 generations of the program. 
During selection, full-sib families showed a nearly linear, positive 
response for yield relative to the mean of four check hybrids. Pro­
genies were developed for evaluation using a 10 x 10 factorial mating 
scheme. Parents included eight BSIO lines from the best $2 x S^  crosses 
and the commercial inbreds A619 and B73, and the eight 33-16 x III4 lines 
that were paired with selected BSIO lines plus A632 and Nol7. There were 
no significant differences between means of commercial x commercial, 
selected x commercial, or selected x selected lines for grain yield, 
grain moisture, or percentage of erect plants. Significant SCA effects 
were reported for four of 64 crosses between selected lines. Two of 
the four crosses were between lines tested as pairs and two were between 
untested pairs. Differences among crosses between selected lines were 
primarily due to GCA effects. When significant SCA effects were 
detected, they were small. No differences were found between crosses 
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of selected lines tested as pairs and crosses between selected, but 
untested lines. The authors concluded that their reciprocal full-sib 
selection program had been ineffective in selecting for SCA effects, 
but had developed lines that combined well with other selected lines. 
The population improvement phase of reciprocal full-sib selection 
was originally alluded to by both Hallauer (1967a), and Lonnquist and 
Williams (1967). This modification to the reciprocal full-sib breeding 
procedure was described in detail by Hallauer and Eberhart (1970). 
Jones et al. (1971) algebraically and by computer simulation, 
compared reciprocal recurrent selection based on evaluation of half-sib 
testcrosses and the population improvement phase of reciprocal full-sib 
selection. Genetic models were developed for additive, dominance, 
multiplicative epistatic and complementary epistatic gene action at 28 
loci with two alleles per locus. Loci were treated as being either 
completely independent, or all on a single chromosome with 1% recom­
bination between adjacent loci. Selection intensities were 50 and 25% 
for half-sib and full-sib reciprocal recurrent selection, respectively, 
and 20 cycles of selection were simulated. 
The computer simulation indicated that in all cases considered, 
the response to reciprocal full-sib selection was at least equal, and 
generally greater than the response to reciprocal half-sib selection. 
The authors pointed out that values of selection intensities, and 
environmental variance relative to genetic variance may have been 
unrealistic compared to situations normally encountered in plant 
breeding. It was concluded that reciprocal full-sib selection was 
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favored over reciprocal half-sib selection at lower selection 
intensities, and for traits with lower heritabilities. As selection 
intensities increased the advantage of reciprocal full-sib selection 
decreased. 
Moreno-Gonzâlez and Hallauer (1982) described a population 
improvement method combining reciprocal full-sib and inbred progeny 
recurrent selection. The authors indicated that evaluation of lines 
per se would aid selection of the best breeding individuals in each 
population. Because interpopulation full-sib families are developed 
by crossing random pairs of plants, selected families may not include 
the best individuals from both populations. Comparing the two methods 
based on equivalent effort per cycle indicated that the combined 
selection method would generally be more efficient than reciprocal 
full-sib selection. The advantage of combined selection becomes greater 
with lower heritabilities for the trait under selection, and when the 
genetic correlation between interpopulation cross and inbred line 
performance increases relative to the heritability of a trait. 
In addition to the single-cross development phase, several cycles 
of population improvement have been completed in conjunction with the 
reciprocal full-sib selection program in BSIO and BSll at Iowa State 
University. BS10(FR)C1 was developed by recombining 24 lines selected 
from BSIOCO, and BSll(FR)CI was developed by recombining 18 selected 
lines from BSllCO (Hallauer, 1973). 
Hallauer (.1973) evaluated yield of the CO, CI, CO x CO, and CI x CI 
populations and population crosses of BSIO and BSll. He concluded that 
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BS10(FR)C1 and BS11(FR)C1 yielded nearly 15 and 19% more than their 
respective CO populations averaged from 1964 to 1971. The CI x CI 
population cross yielded 10.1% more than the 1964-1971 average of the 
CO X CO population cross. It was concluded that one cycle of the 
population improvement phase of reciprocal full-sib selection had been 
effective in improving the performance of both populations and the 
population cross. 
Obilana et al. (1979) described predicted and observed responses 
to three cycles of reciprocal full-sib selection in BSIO and BSll. A 
yield increase of 5.5 and 6.0% per cycle was reported for BSIO and 
BSll, respectively. The population cross between BSIO and BSll showed 
a yield increase of 17.5% in response to three cycles of reciprocal 
full-sib selection. The observed response was in close agreement with 
the predicted yield increase of 20.1% for three cycles of reciprocal 
full—sib selection. Observed responses of both populations and the 
population cross were all significantly different from zero. Both 
midparent and high parent heterosis increased from the CO x CO to 
C3 X C3 population crosses. In addition to increased grain yield, 
grain moisture at harvest was reduced in BSIO and BSll, and stalk 
lodging was reduced in both populations and the population cross. The 
authors concluded that the preliminary results of the population 
improvement phase of reciprocal full-sib selection were encouraging 
because of the improvement in the populations per se and the population 
cross, and the greater frequency of superior interpopulation full-sib 
crosses obtained from advanced cycles. 
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Lantin and Hallauer (1981) evaluated the CO through C4 populations 
and the CO x CO through C4 x C4 population crosses of BSIO and BSll. 
They observed an increase in grain yield of about 7% for both populations 
and population crosses in response to four cycles of reciprocal full-sib 
selection. Heterosis of the population cross increased from 11.2 to 
12.8%. A significant correlated increase in number of ears per plant 
was detected for both the populations per se and the population cross. 
Days from planting to 50% silking were significantly reduced in the C4 
populations of BSIO and BSll, and unchanged in the cross of those 
populations. Evaluation of S^  lines within the CO and C4 cycles of 
BSIO and BSll provided no evidence that genetic variability had 
decreased in either population after four cycles of reciprocal full-sib 
selection. 
The results of seven cycles of reciprocal full-sib selection in 
BSIO and BSll were summarized by Hallauer (1984). The population cross 
showed an increase in grain yield of 2.1% per cycle of selection. Grain 
yield increase in BSIO and BSll was 2.7 and 2.4% per cycle, respectively. 
Midparent heterosis for grain yield was generally low in the first 
through fourth cycles of selection, averaging 5.4%. In the fifth 
through seventh cycles of selection, however, midparent heterosis for 
grain yield averaged 25.1%. Estimates of heterosis may have been biased 
to some degree because interpopulation full-sib crosses, which were not 
a random sample of plants in BSIO and BSll, were used to represent the 
population cross. Mean stalk lodging of the full-sib families generally 
decreased, relative to a common set of check hybrids, in response to 
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selection. Midparent heterosis for stalk lodging was negative in the 
fifth through seventh cycles. These results show that selection was 
effective in reducing stalk lodging in the population cross between BSIO 
and BSll. Grain moisture appeared unchanged, suggesting that maturity 
of the populations had not been altered. Percent root lodging and 
dropped ears did not show any consistent trends in response to 
reciprocal full-sib selection. 
West et al. (1980) compared bulk populations, random mating 
populations, and population crosses from two cycles of reciprocal full-
sib and recurrent selection in three maize populations. selection 
was conducted in Nebraska B Synthetic (NBS), Nebraska Stiff Stalk 
Synthetic (USS), and improved Nebraska Krug variety (NKS). Reciprocal 
full-sib selection was conducted between NBS and NSS, and NBS and NKS. 
Selection was based on an index calculating yield on standing plants at 
approximately 51,600 plants/ha. The authors compared responses to 
selection at approximately 69,000 and 17,000 plants/ha as part of a 
study to determine the indirect response of selection to plant population 
density. Index values of bulked S^  lines from C2 population developed by 
S^  selection were at least 20% greater than their respective CO 
populations, while response of bulked S^  lines of C2 populations 
developed by reciprocal full-sib selection varied from an increase of 9% 
to a decrease of 10% in index value. Evaluation of response to selection 
in random mating populations showed that S^  ^ selection was more effective 
than reciprocal full-sib selection for the index value in NBS. No 
differences were found between the two selection methods in the random 
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mating test of NSS or NKS. The C2 x C2 population crosses had 
approximately 12% greater index values than CO x CO crosses, and there 
were no differences between selection methods. The only significant 
cycle X density interaction was detected for the index value in the NKS 
population evaluated in the random mating test. The authors concluded 
that S^  selection was as effective as reciprocal full-sib selection for 
improving populations and population crosses, and that in early cycles 
of selection, responses to selection at one population density will be 
unchanged at other population densities. 
Partitioning Phenotypic Variance and 
Covariances Among Relatives 
The observable performance of an individual, its phenotype (P), is 
often envisioned as being composed of the genetic effect of that 
individual (G), the effect of the environment where that individual is 
evaluated (E), and the effect of the interaction between genetic and 
environmental effects (GE). Symbolically, this relationship can be 
represented by: 
P = G + E + GE . 
If the components of the preceding model are independent, the variance 
2 
among individuals in a population, or the phenotypic variance (o^ ) can 
2 2 be partitioned into genetic variance (a^ ), environmental variance (a^ ), 
2 
and genetic x environmental variance (o^ g). 
2 
Fisher (1918) further subdivided genetic variance into additive 
2 2 
and dominance (a^ ) portions, with being due to the average effects of 
2 genes, and resulting from interactions among alleles at a single 
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locus. Genetic variance arising from interactions between alleles at 
different loci, or epistasis, was also described, although Fisher limited 
this description to interactions between pairs of loci, termed dual 
epistacy. 
The method of path coefficients was used by Wright (1921) to study 
genetic correlations among a large number of groups of relatives. 
However, dominance and epistasis were not considered. Kempthorne (1954) 
indicated that the method of path coefficients provided correct results 
under the simplified conditions of no nonadditive genetic variance, but 
by its nature, the method could not be used for more general situations. 
Ilalécot (as cited by Kempthorne, 1954) integrated the ideas of 
Fisher (1918) and Wright (1921) to develop a general formula for the 
2 2 
covariance of two individuals in terms of and a^ . The formula was 
applicable to individuals taken from a random mating population, con­
sidering a single locus. The model provided for any number of alleles, 
with any level of dominance at the locus in question. A further 
restriction placed on the model was that the random mating reference 
population be noninbred. 
Cockerham (1954), considering two alleles per locus, and Kempthorne 
(1954, 1955), considering an arbitrary number of alleles per locus 
2 partitioned epistatic variance into additive x additive (o^ ), additive 
2 2 X dominance (a^ )^, and dominance x dominance (a^ )^ portions. These 
models allowed the covariances of relatives to be extended to include 
epistasis. The various types of epistatic variances arise due to the 
interactions of additive and/or dominance effects among loci. 
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All genetic models in the preceding discussion ignored the effects 
of linkage among loci affecting a trait. Cockerham (1956) studied the 
effects of linkage on covariances among relatives and concluded that 
linkage did not affect these covariances if one relative was an ancestor 
of the other, assuming position effects were absent. It was also 
concluded that linkage would increase the coefficients of epistatic 
components of variance in the case of non-ancestral relatives. 
Schnell (1963) also studied the effects of linkage on covariances 
among relatives. He reported that linkage could have an effect on 
epistatic components of variance even if the reference population was in 
linkage equilibrium. The author also stated that Cockerham's (1956) 
conclusion that linkage did not affect the covariances between ancestral 
relatives was true only for the covariance between parent and offspring. 
Covariances among relatives derived from random mating populations 
by regular systems of inbreeding were presented by Kempthorne (1957). 
Cockerham (1963) noted that covariances among inbred relatives cannot be 
translated from one generation of inbreeding to another unless gene 
frequencies are one-half, or there is no dominance. 
Recently, Cockerham (1983) and Cockerham and Weir (1986) presented 
a genetic model, general with respect to gene frequencies and number of 
alleles at a locus, for relatives derived by selfing or a combination of 
self and cross pollination in a noninbred reference population. The 
2 2 
model allows estimation of and but no epistatic variances for the 
reference population. In addition, estimates of inbreeding depression 
(H), the covariance between additive and homozygous dominance effects for 
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the alleles (D^ ), and the variance among homozygous dominance effects 
(D^ ) can be obtained with the model. Inclusion of the terms H, D^ , and 
2 2 in the model allow and to be directly translatable to different 
generations of inbreeding. 
Estimation of Genetic Variances in Populations 
When characterizing a reference population for breeding purposes, 
information concerning the types and proportions of genetic variances 
present in that population are desirable. Such information can aid the 
breeder in deciding which type of breeding method should be most 
effective and in predicting gain from selection. Cockerham (1963) 
indicated that genetic variances are estimated by developing relatives 
through some type of systematic matings, the mating design, and 
evaluating those relatives in a set of environmental conditions, the 
environmental design. Quadratic analysis of the observations provides 
estimates of components of variance and covariance, which are interpreted 
in terms of their genetic and environmental expectations. Estimates of 
genetic variances are obtained by equating observed values of components 
of variance and covariance to their genetic expectations, and solving 
the resulting set of simultaneous linear equations. Various mating and 
environmental designs have been discussed and compared by Cockerham 
(1963) and Hallauer and Miranda (1981). 
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MATERIALS AND METHODS 
Plant Materials 
Four maize populations, BSIOCO, BS10(FR)C6, BSllCO, and BS11CFR)C6 
were evaluated in this study. BSIOCO, also referred to as Iowa Two-ear 
Synthetic #1 is a maize synthetic developed by Dr. W. A. Russell at Iowa 
State University by intermating 10 U.S. Com Belt inbred lines that had 
previously exhibited prolificacy. The lines used to synthesize BSIOCO 
included R71, ITE701, HD2158, HD2244, HD2418, B58, B60, (N32 x B14^ )^-
1-30-4, (Oh43 X B33)-139, and Krug-792. BSllCO was developed by Dr. 
W. L. Brown of Pioneer Hi-Bred International, Inc. This population 
also has been called the Pioneer Prolific Composite or PHPRC. Specific 
populations and inbred lines involved in the synthesis of BSllCO are 
unknown; however, it is known that the population was developed by 
intermating prolific germplasm from the Southern United States and 
Corn Belt inbred lines. 
BS10(FR)Cô and BS11(FR)C6 are the result of recombination within 
each population, among entries selected during the fifth cycle of the 
population improvement phase of the reciprocal full-sib selection 
program being conducted by Dr. A. R. Hallauer at Iowa State University. 
Reciprocal full-sib selection consists of a single-cross development 
phase and a population improvement phase. These two aspects of 
reciprocal full-sib selection have been described in detail by Hallauer 
(1967a), and Hallauer and Eberhart (1970) and will be briefly outlined. 
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The single-cross development phase of reciprocal full-sib selection 
begins by making interpopulation crosses between pairs of SQ plants. 
Plants involved in crosses are also self-pollinated to maintain their 
genotypes. Thus, the procedure requires either two populations with 
a high degree of prolificacy, or the use of lines that represent 
individual SQ plants. In the next generation, superior interpopulation 
full-sib progenies are identified in performance trials. Seed produced 
by self-pollination during the first generation is stored for later 
use. Pairs of lines corresponding to the parents of full-sib 
families selected from the performance trials are planted ear-to-row 
in the third generation. Crosses and selfs are made between individuals 
within each pair of rows in the same manner as the first generation. 
Superior crosses between pairs of S^  plants are identified in per­
formance trials. This cycle of crossing and selfing followed by 
performance trials continues until selfed progeny from pairs of crosses 
are relatively homozygous and homogeneous, resulting in a series of 
single-cross hybrids that have been tested during every generation of 
inbreeding. This selection method should optimize the chances of 
identifying and selecting favorable nonadditive genetic combinations. 
The population improvement phase of reciprocal full-sib selection 
consists of using remnant selfed seed from parents of selected SQ X SQ 
full-sib families for recombination within each population resulting 
in improved versions of the two populations. 
Seed of BS10CFR)C6 and BS11(FR)C6 was developed in the winter 
nursery in Puerto Rico during the 1979-1980 season by recombining 20 
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selections from each of BS10(FR)C5 and BS11(FR)C5. Both populations were 
random mated in the nursery at the Iowa State University Agronomy and 
Agricultural Engineering Research Center near Ames in the summer of 
1980 to form syn-2 generation seed of BS10(FR)C6 and BS11CFR)C6. 
During the summers of 1981 and 1982, in the nurseries at the Agronomy 
and Agricultural Engineering Research Center, progenies were developed 
for evaluation in this study. 
Full-sib families and lines were developed within each of the 
populations evaluated in this study by crossing and selfing, in the 
reciprocal full-sib manner, randomly chosen pairs of plants. Several 
weeks after pollination, the number of days after June 30 that the 
pollination was made, the height in centimeters from the ground to the 
upper most ear bearing node, and the number of primary tassel branches 
were recorded for each plant. 
Following harvest and shelling, seed from reciprocal full—sib 
crosses was bulked, resulting in twice as many S^  lines as full-sib 
families. Progenies from 50 randomly chosen reciprocal full-sib 
crosses within each population were included in this study. Thus, each 
of the four populations was represented by 50 full-sib families and 100 
S^  lines, resulting in a total of 600 entries in each experiment. 
Field Procedures 
The 600 entries were evaluated in trials conducted at two Iowa 
locations in two years; the Agronomy and Agricultural Engineering 
Research Center near Ames and the Clarion-Webster Research Center near 
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Kanawha in 1983 and 1984. Cultural practices common to maize 
production in Iowa were used in all experiments. 
Each entry in the trials was machine planted in a single row plot 
5.49 m (18 feet) long spaced at 76.2 cm (30 inches). All plots 
were overplanted and later, if possible, thinned to the desired 
stand. In experiments conducted in 1983 and 1984 desired plant 
population densities were approximately 45,450 and 50,230 plants/ha, 
respectively. 
All plots were hand harvested and ear corn was dried at the 
Agronomy and Agricultural Engineering Research Center to a uniform 
moisture level of about 6%. Dried com was then stored for subsequent 
shelling and yield determination. 
The following characters were measured, and the abbreviations (in 
parentheses) that will be used throughout the dissertation will be 
briefly described. 
(1) Stand (STAND) was recorded as the number of plants per plot in 
early July. STAND was measured in each environment. 
(2) Grain yield (YIELD) per plot, of dried, shelled grain expressed 
in megagrams per hectare. YIELD was measured in all four 
environments. 
(.3) Number of ears per plant (EPF) was calculated by dividing the 
total number of ears in a plot by STAND for that plot. EPF 
was measured in all four environments. 
(4) Percent root lodging (RTLG) was recorded within a week prior 
to harvest as the number of plants per plot leaning 30° or 
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more from vertical, and expressed as a percentage of STAND. 
RTLG was measured in the experiments conducted near Ames in 
1983 and 1984 and Kanawha in 1984. 
(5) Percent stalk lodging CSTKLG) was recorded at the same time as 
RTLG as the number of plants per plot with stalks broken below 
the top ear node and expressed as a percentage of STAND. 
STKLG was measured in the experiments conducted near Ames in 
1983 and 1984 and Kanawha in 1984. 
(.6) Date of 50% silking CSLKDT) was measured as the number of days 
after June 30 that at least half of the plants in a plot had 
visible silk. SLKDT was measured in the experiments conducted 
near Ames in 1983 and 1984. 
(7) Ear height (EARHT) was measured in centimeters from the ground 
to the upper most ear-bearing node. EARHT was measured on 
five competitive plants per plot and was expressed as the mean 
of those measurements. This trait was measured in the 
experiments conducted near Ames in 1983 and 1984. 
(8) Plant height (PLHT) was measured in centimeters from the ground 
to the flag leaf collar. PLTHT was measured on five competi­
tive plants per plot and expressed as the mean of those 
measurements. This trait was measured in the experiments 
conducted near Ames in 1983 and 1984. 
(9) Number of primary tassel branches (TEN) was measured as the 
number of branches directly attached to the central axis of 
the tassel. TEN was measured on five competitive plants per 
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plot and expressed as the mean of those measurements. This 
trait was measured in the experiments conducted near Ames in 
1983 and 1984. 
Statistical Procedures 
The experimental design used in each environment was a split-plot 
design with whole plots arranged in incomplete blocks. In the split-
plot analysis, the two inbreeding levels, full-sib families or lines, 
were whole plot treatments, and subplot treatments were entries nested 
within inbreeding levels. This design was used to group entries in 
order to avoid competition between different levels of inbreeding. 
The experiment grown in each environment was divided into 10 
incomplete blocks, hereafter referred to as sets, with two replications 
within each set. One replication of a set contained 60 of the 600 
entries included in an experiment. The 60 entries within each set 
included five full sib families from BSIOCO, BS10(FR)C6, BSllCO, and 
BS11(FR)C6, and 10 lines from the same parents as the full sib 
families. Thus, each set contained 120 plots (four populations x five 
full-sib families and four populations x 10 lines x two replications). 
In each replication of each set, entries were randomized within whole 
plots, and whole plots were randomized within replications and sets. 
An outline of the analysis of variance for a single set evaluated 
in an individual environment and expectations of mean squares is 
presented in Table 1. Analyses were performed using the linear 
additive model: 
Table 1. Analysis of variance for a single set evaluated in an individual environment 
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Error (a) (r-1)(f-1) 
Entries/F (g^  -1) + (g_ -1) 
Among full-sib families gj^  -1 
BSIO vs BSll 
BSIOCO vs BS10(FR)C6 
Among BSIOCO 
Among BS10(FR)C6 
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11 + 12 vs 13 + 14'1 
" "«11 vs 12/" 
2 ^  2 
' "L vs 14/" 
' I  + 
Among BS11(FR)C6 g^ -^l + ro^  
14 
2 2 
Among lines gg -1 0^  + ro^  
Error (b) (r-l)[(g^  -1) + (gg -1) 
Full-slb family error (r-l)(g^  -1) 
BSIO vs BSll 1 + ro^  
® 2^1 + 22 vs 23 + 24/F 
BSIOCO vs BS10(FR)C6 1 M,„„ + ro^  
 ^ 2^1 vs 22/F 
Among BSIOCO gg^ -l 1^23 °e ^  /F 
Among BS10(FR)C6 2^2'^  1^24 °e /F 
BSllCO vs BS11(FR)C6 1 M + ra^  , 
e 2^3 24' 
Among BSllCO g,,-! 
Among BS11(FR)C6 gg^ -l \ + ra^  
"0 "l 
01 " l  
line error (r-ljfgg -1) 
Total r(g^  + gg ) - 1 
FS 
1^ 
r^, f, and g^ j represent the number of replications, Inbreeding levels, and entries within 
the jth population-cycle combination at the 1th Inbreeding level, respectively. 
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''ijk - " + *1 + fj + W'lJ + (G/Mjk + Sijk ' 
where: i^jk ~ observed value of the kth genotype within the jth 
inbreeding level in the ith replication; 
p = the overall mean; 
= the effect of the ith replication, i = 1, 2; 
Fj = the effect of the jth inbreeding level, j = 1, 2; 
(RF)_ = the effect of the interaction between the jth inbreeding 
level and the ith replication, which is error (a) in 
the split-plot analysis; 
(G/F) = the effect of the kth genotype within the jth 
J K 
inbreeding level, k = 1, 2, —, 20 if j = 1 (full-sib 
families) or k = 1, 2, —, 40 if j = 2 CS^  lines); 
and e.. = experimental error, which is error (b) in the split-
1J K 
plot analysis. 
Analyses of variance were performed separately for full-sib 
families and lines in order to partition sums of squares due to 
genotypes within inbreeding levels and experimental error into components 
due to full-sib families and lines. The variation among full-sib 
families and lines was then partitioned to obtain sums of squares 
attributable to genotypes within each of the four populations and 
several comparisons between populations (Table 1). 
The analysis of variance pooled over sets for an individual 
environment, and expectations of mean squares are outlined in Table 2. 
Analyses were performed using the linear additive model: 
Table 2. Analysis of variance, pooled over sets, for an individual environment 
Source of variation df 
Mean 
squares Expectations of mean squares 
Sets (S) 
Replleations/S 
Inbreeding levels (F) 
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/F/S 1^1 vs 12 
2 , ^ 2  
°e i*G^ /^F/S 
2 . 2 
°e + rOCiz/F/S 
+ '"(^3 V, 14/F/S 
Among BSllCO sCgj^ g-l) Og + ^ G^^ /^F/S 
Among BS11(FR)C6 s(g^ -^l) 
2 2 
Among lines 8(8^  -1) + ro^  y^ yg 
2 . '  
2 2 
BSIO vs BSll s • 1 M,„, a + ro 
® *^ 21 + 22 vs 23 + 24/^ G^ 
BSIOCO vs BS10(FR)C6 s . 1 M 0^  + ra^  
i// e vg 22'''^  
Among BSIOCO 1^23 °e + ""c^ /^F/s 
Among BS10(FR)C6 s(g,^ -^l) Og + rO^  y^ yg 
BSllCO vs BS11(FR)C6 S . 1 M 0^  + ROJ , 
125 e G23 24'*' 
Among BSllCO =(823-1) "126 % + l^ G^ g/F/S 
Among BS11(FR)C6 sCg^ -^l) Og + ro^  ypyg 
2 M„ o Error (b) s(r-l)[(g^  -1) + (gg -1)] 
Full-slb family error s(r-l)(g^  -]) 
0 e 
2 
Sj^  line error sfr-lïCgg -1) 




s^, r, f, and g^ j represent the number of sets, replications, inbreeding levels, and entries 
within the jth population-cycle combination at the ith inbreeding level, respectively. 
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?ijka - » + s. + (R/S).. + Fk + (Sf)ik + WSF)y,^  + (G/F/S) + 
®ijkl • 
where: i^jkJl ~ observed value of the £th genotype within the 
kth inbreeding level in the jth replication within 
the ith set; 
y = the overall mean; 
= the effect of the ith set, i = 1, 2, 10; 
(R/S)y = the effect of the jth replication within the ith 
set, j = 1, 2; 
= the effect of the kth inbreeding level, k = 1, 2; 
(SF)^  ^= the effect of the interaction between the kth 
inbreeding level and the ith set; 
(R/SF).., = the effect of the interaction between the kth 
IJ K 
inbreeding level and the jth replication within 
the ith set, which is error (a) in the split-plot 
analysis ; 
(G/F/S)^ ^^  = the effect of the &th genotype within the kth 
inbreeding level within the ith set, Z = 1, 2, 
20 if k = 1 Cfull-sib families) or £ = 1, 2, ..., 
40 if k = 2 lines); 
and ®ijk£, ~ experimental error, or error (b) in the split-plot 
analysis. 
Sums of squares due to genotypes and experimental error were 
partitioned into components due to full-sib families and lines, which 
were then further partitioned into the subdivisions outlined in Table 2. 
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An outline of the analysis of variance and expectations of mean 
squares pooled over sets and combined over environments is presented in 
Table 3. Analyses were performed using the linear additive model: 
- :i + Sj + ««« + + "«JI + 
i^jk£m ' 
where: i^jk&m ~ observed value of the mth genotype within 
the £th inbreeding level in the kth replication 
within the jth set in the ith environment; 
= the effect of the ith environment, i = 1, 2, 3, 4; 
Sj = the effect of the jth set, j = 1, 2, —, 10; 
(ES)^ j = the effect of the interaction between the jth 
set and the ith environment; 
(R/ES)^ j^  = the effect of the kth replication in the ijth 
environment-set combination, k = 1, 2; 
= the effect of the 2th inbreeding level, I = 1, 2; 
(EF)^  ^= the effect of the interaction between the £th 
inbreeding level and the ith environment ; 
(SF).p = the effect of the interaction between the 2th 
inbreeding level and the jth set; 
(ESF)^ j^  = the effect of the interaction between the &th 
inbreeding level, the jth set, and the ith 
environment ; 
Table 3. Analysis of variance, pooled over sets and combined over 
environments 
Source of variation df^  Mean squares 
Environments (E) e-1 1^1' 
Sets (S) s-1 
E X S (e—l)(s—1) Mg 
Replications (R)/E x S es(r-l) Mg 
Inbreeding levels (F) f-1 
E X F (e-1)(f-1) 
S X F (s-1)(f-1) 
E X S X F (e-1)(s-1)(f-1) 
Error (a) es(r-l)(f-1) 
Entries (G)/F/S s[(g^  -1) + (g2 -1)] 
Among full-sib families s(g^  -1) 
BSIO vs BSll s • 1 N211 
BSIOCO vs BS10(FR)C6 s • 1 N^ lZ 
Among BSIOCO s(g^ -^l) 2^13 
Among BS10(FR)C6 s(g^ 2~^  ^ 2^14 
BSllCO vs BS11(FR)C6 s ' 1 2^15 
e ,  s ,  r, f, and represent the number of environments, sets 
replications, inbreeding levels, and entries within the jth population-
cycle combination at the ith inbreeding level, respectively. 
35 
Expectations of mean squares 
4 + + rfSOgg + srfga^  
""e + ^ s4/ES + + erfga^  
4 + ^s4/ES + 
2 ^ ^ 2 
+ fS°R/ES 
'e + 8°5 + '^ "EG/F/S + ""G/F/S + '«"LF + ''«'EF + ®"^ S°SF + 
2 9 7 
°e 
% + S°5 + roÊG/F/S + rSCRSF + srS°EF 
^ + go^  + ro^ gy^ /g + erc^ y^ yg + rgo^ g^  + ergc^ p 
*e + SCg + rOzG/F/S + ^ 8025? 
2 ^ 2 Og + go. 
*e + r°EG/F/S + *™^ VF/S 
6^+^ :% /F/S + ^«:G^  /F/S 
® ^^ 11 + 12 vs 13 + 14/^ /S Si + 12 vs 13 + 14/^ /S 
vs J '"L vs 12/:/^ 
"^ e °^'EG^ /^F/S ^^ "^ G^ /^F/S 
"^ e i^ EG^ /^F/S 
,,/F/S + ""'G,, ,,/F/S 
Table 3. (Continued) 
Source of variation df Mean squares 
Among BSllCO s(g^ 2"l) 2^16 
Among BS11(FR)C6 
Among lines s(g2 -1) 2^2 
BSIO vs BSll s • 1 «221 
BSIOCO vs BS10CFR)C6 s - 1 
Among BSIOCO s(g2^ -l) 2^23 
Among BS10(FR)C6 s(g^ _^i) 2^24 
BSllCO vs BS11(FR)C6 s • 1 
Among BSllCO ^^ 23'^  ^ 2^''6 
Among BS11(FR)C6 sCg^ -^l) 2^27 
E X G/F/S (e-l)s[(g^  -1) + (gg -1)] 
E X Among full-sib families (e-l)s(g^  -1) 
E X BSIO vs BSll (e-l)s • 1 
E X BSIOCO vs BS10CFR)C6 (e-l)s • 1 
E X Among BSIOCO (e-l)s(g^ -^l) 1^13 
E X Among BS10(FR)C5 (e-DsCg^ -^l) 1^14 
E X BSllCO vs BS11(FR)C6 (e-l)s . 1 
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Expectations of mean squares 
°e ^  z^ EG^ G/F/S ^^ G^ G/F/S 
e^ ^^ EG^ /^F/S 
°^EG2 /F/S /F/S 
"2.' 
2  2  , 2  
"e "^ EG^ , ^  oo ... no ^  0/./F/S  ^„ ... o, ^  o,/F/S 
^^ 21 + 22 vs 23 + 24/F/S 2^1 + 22 vs 23 + 2h '  
** + '"BG21 vs 22/F/s/ **'G21 vs 22/F/: 
°e ^^ EG^ /^F/S •*• ^^ *G2^ /F/S 
°e i^ EGgg/F/S ^^ G^zz/F/S 
°e + ™:G23 vs 24/F/S + "*^ 13 vs 24/?/: 
°e ^^ EG^ g/F/S ••" ®^ °G23/F/S 
+ "^ E^Gg^ /F/S + ^ "^ Gg^ /F/S 
2 , 2 
°e ^^ EG/F/S 
"l * "EGj_/r/S 
® ^^ 11 + 12 vs 13 + 14/F/S 
*: + '"sGii 12/F/S 
"^ e "*• ^^ EG^ /^F/S 
e^ f^ EG^ G/F/S 
*: + ™EGi, 14/F/S 
Table 3. (Continued) 
Source of variation df Mean squares 
E X Among BSllCO (e-1)s(g^ -^l) 
E X Among BS11(FR)C6 (e-1)s(g^ -^l) 
E X Among lines (e-l)s(g2 -1) 
E X BSIO vs BSll (e-1)s . 1 M 
MI2 
121 
E X BSIOCO vs BS10(FR)C6 (e-1)s • 1 M^ 22 
E X Among BSIOCO (e-1) s(g2j^ -l) 1^23 
E X Among BS10(FR)C6 (e-1) s(g22-l) ^124 
E X BSllCO vs BS11(FR)C6 (e-1)s • 1 M^ 25 
E X Among BSllCO (e-l)s(g22-l) M^ 25 
E X Among BS11(FR)C6 (e-l)s(g2^ -l) M^ 27 
Error (b) es(r-l)[(g^  -1) + (g2 -1)] MQ 
Full-sib family error es(r-l)Cg^  -1) MQ  ^
line error es(r-l)(g2 -1) Mq2 
Total esr(g^  + gg ) - 1 
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Expectations of mean squares 
°e  ^^ EG^ G/F/S 
•*" ^^ EG ,/F/S 14 
2 ^ 2 
E^G^  /F/S 
® + 22 vs 23 + 24/F/S 
+ ''SG,! „/F/S 
'^ e °^EG2i/F/S 
< + "eg,,/F/S 
" "ks vs 24'WS 
°e ^^ EGgg/F/S 





(KF/ES)^ jj^  = the effect of the interaction between the 2th 
inbreeding level and the kth replication in the 
ijth environment-set combination, which is error 
(a) in the split plot analysis; 
(G/F/S)jj^  ^= the effect of the mth genotype within the 2th 
inbreeding level in the jth set, m = 1, 2, 
20 when £ = 1 (full-sib families) or m = 
1, 2, ..., 40 when 2=2 (S^  lines); 
(EG/F/S)^ j^ Q = the effect of the interaction between the mth 
genotype within the 2th inbreeding level within 
jth set and the ith environment; 
and ®ijk2m ~ pooled experimental error, which is error (b) in 
the split-plot analysis. 
Analyses for full-sib families and lines were performed 
separately in order to partition sums of squares due to genotypes 
within inbreeding levels within sets, the interaction between environ­
ments and genotypes within inbreeding levels within sets, and 
experimental error into the components outlined in Table 3. 
The effects of environments, sets, replications and genotypes were 
considered random in all linear additive models in which they appeared 
while the effect of inbreeding levels was always considered fixed. All 
analyses were computed using plot values. 
The ratio of the larger component of experimental error to the 
smaller component was compared with tabulated values of the F-ratio with 
numerator and denominator degrees of freedom corresponding to the degrees 
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of freedom of the appropriate components of the experimental error. When 
the calculated ratio exceeded the tabulated F-value, the components of 
experimental error were judged to be heterogeneous, and components of 
experimental error due to either full-sib families or lines were 
used as separate estimates of experimental error. Otherwise, estimates 
of full-sib and line experimental error were pooled. 
In several situations, direct F-tests were not available for testing 
significance of a particular source of variation. Quasi F-ratios 
CSatterthwaite, 1946; Steel and Torrie, 1980) were used when no direct 
test was available and were calculated as: 
M,. + 
F' = 
with approximate numerator and denominator degrees of freedom of: 
(M. + M.)^  
numerator df = 
(N^ )2 (Mj)^  
dfM. dfM. 
1 2 
(Mk + Mg)2 
and denominator df = -
(M*): 
dÔÇ"^  dfM^  
where , N^ , and are mean squares from the analysis of variance 
chosen so that the expectations of mean squares in and 
are the same except that also contains the expectation of the 
mean square for the source of variation being tested. The degrees of 
freedom for mean squares M^ , , M^ , and are represented by dfM^ , 
dfMj, dfN^ , and dfM^ , respectively. 
42 
Direct F-tests were available for all sources of variation except 
inbreeding levels in analyses of variance for individual sets evaluated 
in a single environment (Table 1). The quasi F-ratio used to test for 
significance between inbreeding levels (M3) in these analyses was: 
Ml + M2 
with numerator and denominator degrees of freedom approximated using 
the formulas presented previously. 
For analyses of variance pooled over sets evaluated in a single 
environment (Table 2), an approximate F-test was required for the 
source of variation due to the sets x inbreeding levels interaction 
(M3). The quasi F-ratio used to determine the significance of this 
source of variation was: 
with numerator and denominator degrees of freedom approximated using 
the formulas presented previously. 
Indirect F-tests were necessary to test the effects of inbreeding 
levels (M7), the sets x inbreeding levels interaction (M5), and the 
environments x sets x inbreeding levels interaction (M4) in analyses 
of variance pooled over sets and combined over environments (Table 3). 
The sources of variation tested and the quasi F-ratios used to test 
them are as follows: 
M4 + 
Inbreeding levels F' = ——; 
"5 6 
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Sets X inbreeding levels F' = 
M^  + M^  
and Environments x sets x inbreeding levels F' = 
Approximate numerator and denominator degrees of freedom were calculated 
using the formulas presented previously. 
Tests of significance of primary interest in this study were those 
involving genotypes within inbreeding levels and the partitions of those 
sources of variation. Significance of those sources of variation were 
tested with the experimental error mean square in experiments evaluated 
in a single environment. Environments x genotypes within inbreeding 
levels sources of variation in analyses combined over environments 
were tested with experimental error mean squares. When these inter­
actions were significant, they were used to test corresponding 
genotypes within inbreeding levels sources of variation. Nonsignificant 
environments x genotypes mean squares and experimental error mean 
squares were pooled to test the significance of corresponding sources of 
variation due to genotypes within inbreeding levels. 
Standard errors of means and of differences between means were 
calculated as follows (Steel and Torrie, 1980): 
When F-tests indicated significant differences among genotypes within 
inbreeding levels the least significant difference (LSD) was calculated 
2 1/2 Standard error of a mean: S^  = (S /n) ; and 
Standard error of the difference between two means: 
S^  = [S^ /(n^  + nz)]!/^  
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as (Steel and Torrie, 1980): = t^  ^ct'^ d 
In the above formulas, 
7 
S~ = the error or genotypes x environments mean square from 
the combined analysis of variance, depending on which 
mean square was used to test the significance of 
genotypes within inbreeding levels; 
n, n^ , and n^  = the number of observations per mean; 
and t= the tabulated value of a two-tailed t distribution with 
ar ,a 
2 the degrees of freedom of S , and a chosen significance 
level of a. 
Variance components were estimated for genotypes within inbreeding 
levels, the environments x genotypes within inbreeding levels inter­
action, and the partitions of these sources of variation. Estimates 
of variance components were obtained by solving the set of simultaneous 
linear equations resulting from equating the observed values of mean 
squares with their expectations (Searle, 1971). 
In experiments evaluated in individual environments, variance 
components for genotypes within inbreeding levels were estimated by: 
 ^r^ l^i ~ ^ Qi) 
where: i = the inbreeding level, i = 1, 2; 
r = the number of replications, r = 2; 
and M = the appropriate mean squares (Tables 1 and 2). 
Estimates of variance components due to the partitions of genotypes 
within inbreeding levels were obtained by substituting the appropriate 
mean squares for in the preceding formula. 
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Estimates of variance components for genotypes within inbreeding 
levels and environments x genotypes within inbreeding levels from 
combined analyses of variance were obtained using the formulas: 
"GJT/S '  r î^Z i  "  " l i '  
°EG./F/S - - "0i> • 
where: i = the inbreeding level, i = 1, 2; 
r = the number of replications, r = 2; 
e = the number of environments, e = 2, 3, or 4; 
and M = the appropriate mean square (Table 3). 
Variance components of the partitions of genotypes within inbreeding 
levels and environments x genotypes within inbreeding levels were 
estimated by substituting appropriate mean squares into the two 
preceding formulas. 
Standard errors of variance component estimates were calculated 
by (Anderson and Bancroft, 1952): 
SE(5^ ) = [1/c- Z (2N^ /df^  + 2)]l/2 ; 
k 
where: c = the coefficient of the component of variance; 
2 
= the respective mean squares, squared, that make up the 
component of variance; 
and df^  = the degrees of freedom of the kth mean square. 
Variance components greater than twice their standard errors were 
considered significant. 
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Analyses of covariance between full-sib families and lines, 
pooled over sets and combined over environments were calculated. Plot 
values for each full-sib family and the mean of the two lines from 
the parents of that full-sib family were treated as covariates. An 
outline of the analysis of covariance and expectations of mean 
products are presented in Table 4. Sums of cross products due to 
genotypes within sets and the interaction between environments and 
genotypes within sets were partitioned in the same manner as those 
sources of variation in combined analyses of variance. 
Estimation of covariance components from analyses of covariance 
parallels variance component estimation from analyses of variance 
except that mean products are substituted for mean squares. Observed 
values of mean products are set equal to their expectations, and the 
resulting set of simultaneous linear equations are solved to obtain 
estimates of components of covariance. 
In analyses of covariance between full-sib families and lines, 
pooled over sets and combined over environments, estimates of genotypes 
within sets, and environments x genotypes within sets components of 
covariance were obtained using the following formulas: 
*G/s = ' 
and ôgG/g = - MPq) , 
where: r = the number of replications, r = 2; 
e = the number of environments, e = 2, 3, or 4; 
and NPg, MP^ , and IIP^  and mean products from the analyses of 
covariance. 
Table 4, Analysis of covarlance between 
combined over environments 
Source of variation df 
Environments (E) e-1 
Sets (S) s-1 
E X S (e-1)(s-1) 
Replications/E x S es(r-l) 
Entries (G)/S s(g -1) 
BSIO vs BSll s • 1 
BSIOCO vs BS10(FR)C6 s . 1 
Among BSIOCO sfgy-l) 
Among BS10(FR)C6 "(g^ -i) 
BSllCO vs BS11(FR)C6 s • 1 
Among BSllCO sfg^ -l) 
-sib families and lines, pooled over sets and 
Mean 
products Expectations of mean products 
"^ 6 '^ e + r E^G/S + 8°R/ES + + srgo^  
5^ % + roEG/S + "''G/S + 8®R/ES + ^ 8°ES + 
"^ 4 % + g°R/ES + 
"^^ 3 % + g'^ R/ES 
"^2 % + r^EG/S + "«^G/S 
MPZI *e + ,+,/S + erOGi+Z 3+4/S 
'*22 *e + r°EGi vs 2': + ,/S 
2^3 °e i^ EG^ /S 
"^24 °e + r*EG2/S + e^Gg/S 
MP25 "e + "EG, 4/S + :r°G, ^3 4/S 
MP26 °e + r°EG,/S + erOc^/S 
Among BS11(FR)C6 s(g^ _i) + ero^  yg 
E X G/S (e-l)s(g -1) MP^  + ro^ y^g 
E X BSIO vs BSll (e-l)s • 1 MP., a + ro . 
® 1+2 vs 3+4' 
E X BSlOCO vs BS10(FR)C6 (e-l)s • 1 MP o + ro . 
i z  e  v g  2 ' ^  
E X Among BSlOCO (e-l)s(g2-l) MP^  ^ + rOg^  y^  
E X Among BS10(FR)C6 (e-1)sCg^ -l) MP^  ^ + ro^ g y^  
E X BSllCO vs BS11(FR)C6 (e-l)s -1 MP_ a + ro 
e vs 4/^  
E X Among BSllCO (e-l)s(g^ -]) MP^ ^^  + rOg^  y^  
E X Among BS11(FR)C6 (e-l)s(g^ -l) y^  
Error es(r-l)(g-l) MPQ 0^  
Total esrg-1 
e^, s, r, and g^  represent the number of environments, sets, replications, and entries within 
the 1th population-cycle combination, respectively. 
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Estimates of components of covariance for the partitioned sources of 
covariation for genotypes within sets and environments x genotypes 
within sets were obtained by substituting appropriate mean products 
into the two preceding formulas. Mode and Robinson (1959) presented 
an approximation of the variance of a covariance. Standard errors of 
components of covariance were estimated by the following formula 
(Dickerson, 1969): 
SEta.) . [1/A[(M^ )(M^ )^ 4. MpJ^ l/d£^  + , 
where: c = the coefficient of the component of covariance; 
and = the mean squares for variables x and y ; 
2 k^xy ~ mean products, squared, that make up the component 
of covariance for variables x and y; 
and df^  = the degrees of freedom of the kth mean product. 
Covariances between an individual parent and the mean of its 
line, and between the mean of two parents and the full-sib family 
resulting from crossing those parents were calculated for SLKDT, EABHT, 
and TBN within each of the four populations. Standard errors of these 
covariances were estimated using the preceding formula and substituting 
the variance among parental plants for one of the mean squares in the 
numerator of the formula. 
Many of the components of variance and covariance estimated in 
this study have genetic interpretations. Several assumptions must be 
made in order to translate components of variance or covariance into 
their genetic expectations (Comstock and Robinson, 1952; Gardner, 1963). 
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Some of the assumptions made in the genetic interpretation of the 
components of variance include: 
(1) The traits exhibit normal Mendelian diploid inheritance; 
(2) No maternal effects; 
C3) Genotypes are distributed randomly with respect to 
environmental variations; 
(4) No linkage among genes affecting traits being studied, or if 
linkage exists, genotypes are in linkage equilibrium with 
respect to coupling and repulsion phases; and 
(5) Individuals mated to produce progenies for evaluation must be 
randomly chosen from some reterence population. 
Hallauer and Miranda (1981) have indicated that for most traits studied 
in maize assumptions one and two are fulfilled. The third assumption 
can be met by the use of randomization and proper experimental design. 
Escimates of genetic variances may be biased by failure to meet the 
fourth assumption. The extent that failure to meet this assumption 
will bias estimates of genetic variances is difficult to predict, and 
this assumption is the most difficult to fulfill. The fifth assumption 
can usually be met if care is taken in producing experimental progenies. 
2 Falconer (1981) demonstrated that the additive (o^ ) and dominance 
2 (Og) genetic variances in a reference population can be expressed as: 
= 2pqla + (q-p)dj [1] 
and Og = (2pqd)^  [ 2 1  
in a single locus, two-allele situation, where 
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p = the frequency of the favorable allele in the population; 
q = the frequency of the unfavorable allele in the population; 
a = the average difference between the two homozygous genotypes 
at a locus. For example, at the B locus a = (BB - bb)/2; and 
d = the degree of dominance. Again, considering an arbitrary 
locus, B, d = Bb - [(BB - bb)/2]. 
By assuming no epistasis and no linkage among genes affecting a trait, 
2 2 
and can be extended to any number of loci by summation over the 
loci. The preceding definitions of p, q, a, and d will be used 
throughout this discussion of the genetic interpretations of components 
of variance and covariance. 
2 The variance among full sib families, Opg, can be shown to be 
equal to (Falconer, 1981): 
2  r  ^  2  2 , 2  Dpg = pq[a + (q-p)dj + p q d 
which by inspection of Eqs. [1] and [2] is seen to be: 
4S - • 
Homer et al. (1969) showed the genetic variance among inbred lines 
in the nth generation of inbreeding was equal to: 
2 2 
= [2pq(l+F)]{a + (1/2)(q-p)d[(l-F)/(1+F)]} + 
pq(p+Fq)(q+Fp)[(1-F)/(1+F)]d^  , 
where F = the inbreeding coefficient of the plants being tested. The 
general formula when considering lines (testing SQ plants, F = 0) 
reduces to: 
Oç = 2 pq[a + (1/2)(q-p)d]^  + p^ q^ d^  
1^ 
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2 The expression for a_ can be shown to be equivalent to: 
- " l -  + (1/4)«D . 
2 
where a^ , indicates the additive genetic variance in the reference 
population plus a bias mainly due to dominance deviations. This bias 
is equal to (Hallauer and Miranda, 1981): 
2pq(p - (l/2))d[a+ {3/4)(q-p)d] . [3] 
Examination of Eq. [3] shows the bias is nonexistent if p = q = 0.5 or 
d = 0. In this situation, the variance among lines can be directly 
2 2 translated into terms of and/or for the reference population. 
When genes controlling a trait being studied exhibit partial to complete 
dominance (0 < d _< a), the [a + (3/4)(q-p)d] portion of Eq. [3] will be 
2 positive, regardless of gene frequencies. Thus, if p < 0.5, o^ , 
2 2 2 
underestimates a. and if p > 0-5, o., overestimates a,. 
A A A 
The genetic covariance between full-sib families and lines has 
been derived by Bradshaw (1983) and shown to be: 
Ops 5 = Pq[a" + (3/2)(q-p)ad + (1/2)(q-p)^ d^ ] , [4] 
which can be factored to: 
Opg S ^ + (q-p)d][a + (1/2)(q-p)d]} • [5] 
2 
It can be shown that Eqs. [4] and [5] are equivalent to (l/2)a^ „ 
2 
which is an estimate of (l/2)a^  in the reference population plus a bias, 
different from the bias associated with the variance among lines. 
The bias can be shown to be: 
pq[p - (l/2)]d[a + (q-p)d] 
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As with the variance among lines, the covariance between full-sib 
2 families and lines provides an unbiased estimate of (l/2)o^  for the 
reference population when either p = q = 0.5 or d = 0. However, if 
2 2 2 2 p < 0.5, aunderestimates a^ , and if p > 0.5, a^ „ overestimates 
for traits controlled by genes with partial to complete dominance. 
Falconer (1981) has shown that the covariance between the mean of 
two parents and the mean of their offspring can be expressed as: 
°P0 ^  PSfa + (q-p)d]^  . [6] 
Comparison of Eqs. [1] and [6] shows that provides an estimate of 
2 (l/2)a^  for the reference population from which the parents were 
randomly chosen. 
The covariance between individual SQ plants and the mean of their 
progeny can be demonstrated to be equal to (E. Pollak, Department of 
Statistics, Iowa State University, 1985, personal communication): 
a„ _ = 2pq[a^  + (3/2)(q-p)ad + (l/2)(q-p)V] + 2pV<i^  - [7] 
O^'^ l 
Comparison of equations [4] and [7] reveals that: 
From equation [2] it can be seen that: 
2p^ q^ d^  = (l/2)0g . 
2 2 2 2 Thus, a = c „ + (l/2)a where a „ indicates a plus the same bias 
0 * 1  A JJ A A 
seen for o , except that the amont of the bias is doubled because 
FS ,S^  
the additive genetic portion of „ is twice as great as _ 
0^' 1 ' 1 
. In 
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the same manner as a _ , a_ „ is directly translatable into terms 
FS,Si 
2 2 
of and/or for the reference population when p = q = 0.5 or 




Genetic interpretation of environments x genotypes within inbreeding 
levels components of variance and covariance is the same as the inter­
pretation of the corresponding genotypes within inbreeding levels 
components except that estimates are of the interaction of genetic 
effects with environments. 
Additive and dominance variance and their interactions with 
environments were estimated within BSIOCO, BS10(FR)C6, BSllCO. and 
BS11(FR)C6. Estimates of the genetic parameters were obtained by 
solving the set of simultaneous linear equations resulting from equating 
the observed values of genetic and environments x genetic components 
of variance and covariance with their genetic expectations. 
Matrices were developed consisting of genetic and environments x 
genetic components of variance and covariance from analyses pooled over 
sets and combined over environments. Additional matrices were developed 
containing the coefficients of the genetic expectations of variance and 
covariance components. The simultaneous equations can be described by 
the model Y = XS + e, where Y is the column vector composed of observed 
components of variance and covariance, X is the matrix of coefficients 
of the genetic expectations of the components in Y, g is the column 
vector of genetic and environment x genetic variances to be estimated. 
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and e is a column vector of random errors associated with each 
observation. 
In the preceding model, it is assumed that E(e) = 0, and E(ee') = 
2 V(e) = V = cfgl, where I is the identity matrix. With those assumptions, 
it is known that the best linear unbiased estimates are given by the 
method of least squares. Steel and Torrie (1980) showed that the least 
squares equations in matrix notation are X'XB = X'Y, which can be 
solved in terms of § by 6 = (X'X) ^ X'Y. In this study the variance of 
2 
each variance or covariance component was different, so V(Y) f o^ I. The 
method of weighted least squares suggested by Silva and Hallauer (1975) 
was used to correct for unequal variances of the components. 
A diagonal matrix T, containing reciprocals of standard errors 
(1/SE) of the variance and covariance components contained in Y was 
developed to weight those components, making the variance of each 
component equal to one. The set of simultaneous equations for the 
weighted variance and covariance components can be described by the 
model TY = TXS + Te. If V is used to represent the variance-covariance 
9 
matrix of the unweighted Ys, then V(TY) = V(Te) = a" • I = I = identify 
matrix. Because V(TY) = I = TVT'; then V = T~^ (T')~^  = (T'T)"^ . The 
normal equations for the weighted least squares models are X'T'X§ = 
X'T'TY which, because V = (T'T)"^  reduces to X'V~^ X§ = X'V"^  and can 
be solved in terms of 6 by § = (X'V ^ X) ^ X'V The variance of the 
estimates can be found by V(6) = (X'V ^ X) 
Heritability estimates on a family mean basis were calculated using 
data pooled over sets and combined over environments. Narrow-sense 
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heritibility was estimated by: 
hj = + ôj + (5^  + 5jj.)/e + âj/re] , 
->2 -2 -2 .2 
where: a^ , G^ , and = weighted least squares estimates of 
additive, dominance, additive x environment, and dominance 
X environment variances for a reference population; 
® = the number of environments a trait was evaluated in, 
e = 2, 3, or 4; 
2 
= pooled experimental error; 
and r = the number of replications in each experiment, r = 2. 
Heritability estimates also were calculated using the formulas: 
,2 _ ~2 , , - 2  ^  " 2  ,  -2, .  
FS °FS F^S °EFS/e e^ 
and h^  = o^  /(a^  + /e + o^ /re) , 
1^ 1^ 1^ ^^ 1 ® 
where: e, r, and are defined as they were for the previous formula; 
-2 ,.9 
and Ogpg = variance components for full-sib families, and 
the interaction between environments and full-sib families. 
respectively, for a reference population; 
- 2 "^ 2 
and a and o = variance components for S, lines, and the 
Si 
interaction between environments and lines, 
respectively, for a reference population. 
If an estimate of a variance component included in the calculation of a 
heritability was negative, that heritability was calculated two 
different ways. First, by including the negative estimate itself, and 
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second by setting the negative component equal to zero and recalculating 
the heritability estimate. 
Approximate standard errors of heritability estimates were obtained 
using the formula (Dickerson, 1969): 
SE(h^ ) = c • SE(ÔQ)/Ôp , 
where: c = any constant or multiplier in the numerator of a 
heritability estimate; 
SE(og) = the standard error of the genetic component of 
variance; 
- 1  




Response to Reciprocal Full-Sib Selection 
Environmental conditions encountered in the course of this study-
were generally good for maize production. A wet, cool spring provided 
excellent early growth in 1983. Despite severe heat and drought stress 
encountered during silking and pollination, particularly in the experiment 
conducted near Ames, grand means for YIELD of 4.51 and 4.40 Mg/ha were 
recorded in the experiments conducted in 1983 near Kanawha and Ames, 
respectively. Coefficients of variation for YIELD were 14.26% for the 
experiment conducted near Kanawha and 13.73% for the experiment conducted 
near Ames. 
April through July of 1984 were generally wet and cool in central 
Iowa. Heavy rains in early June resulted in water standing on part of 
the experiment located near Kanawha. Nitrogen deficiency symptions were 
noted in this experiment during August. Mean YIELD of the experiment 
conducted near Kanawha in 1984 was 4.13 Mg/ha, and the coefficient of 
variation was 18.31%. The greatest mean YIELD of any environment, 4.99 
Mg/ha, was obtained in the experiment conducted near Ames in 1984. The 
coefficient of variation for YIELD in that environment was 14.37%. 
Mean YIELD across all environments was 4.51 Mg/ha. The overall 
coefficient of variation for YIELD was 15.14%. 
Analyses of variance, pooled over sets and combined over 
environments, are presented in Table 5. Highly significant (P ^  0.01) 
differences among environment means were detected for all traits except 
Table 5. Analyses of variance, pooled over sets and combined over 
environments, means, and coefficients of variation (CV) for 
traits measured in experiments conducted at Ames and Kanawha 
in 1983 and 1984a 
Mean squares 
Source of variation df YIELD |b EPPb 
Environments (E) 3 15387. 63** 167. 29** 
Sets CS) 9 618. 84 17. 89 
E X S 27 822. 60** 12. 87 
Replications/E x S 40 357. 84** 7. 18** 
Inbreeding levels (F) 1 328688. 05** 7. 84 
E X F 3 3163. 56** 3. 07 
S X F 9 178. 81 4. 95 
E X S X F 27 137. 44 2. ,53 
Error (a) 40 84. ,72** 2. 22 
Entries (G)/F/S 580 461. 00** 25. ,47** 
Among full-sib families 190 278. 75** 12. ,60** 
BSIO vs BSll 10 348. 34** 20. ,46** 
BSIOCO vs BS10(FR)C6 10 505. ,83** 44. 76** 
Among BSIOCO 40 193. 02** 1, .98* 
Among BS10(FR)C6 40 216, .16** 12, .24** 
BSllCO vs BS11CFR)C6 10 737. 00** 41, .88** 
Among BSllCO 40 318 .37** 9, .42** 
Among BS11(FR)C6 40 198 .72** 9, .44** 
Among lines 390 549 .79** 31 .74** 
BSIO vs BSll 10 604 .60** 26 .98** 
BSIOCO vs BS10(FR)C6 10 895 .68** 169 .52** 
Among BSIOCO 90 585 .76** 11 .10** 
Among BS10CFR)C6 90 310 .98** 28 .38** 
BSll vs BS11(FR)C6 10 3699 .88** 223 .58** 
Among BSllCO 90 514 .35** 29 .21** 
Among BS11(FR)C6 90 393 .54** 22 .19** 
l^ELD and EPP were measured in all environments; RTLG and STKLG 
were measured in the experiments near Ames in 1983 and 1984, and Kanawha 
in 1984; SLKDT, EAEHT, PLTHT, and TEN were measured in the experiments 
near Ames in 1983 and 1984. 
Y^IELD and EPP mean squares were multiplied by 100. 




df RTLG STKLG df SLKDT EAEHT 
2 1699.73** 160584.39** 1 2236.87** 967.99 
9 322.88 3276.15** 9 73.42 3530.04 
18 202.40** 586.38* 9 51.35** 1626.48** 
30 48.75 273.47 20 8.26** 204,18** 
1 0.30 22101.89* 1 2931.25* 131003.29** 
2 326.32* 896.15 1 73.26* 668.57 
9 91.65 234.02 9 17.97 654.41 
18 59.59 470.39 9 10.72 509.02 
30 63.03** 597.25** 20 6.49** 567.17** 
580 178.61** 982.22** 580 29.68** 723.36** 
190 170.15** 763.52** 190 22.95** 691.87** 
10 679.27** 472.75 10 147.14** 4121.67** 
10 58.40 2515.17** 10 5.12** 297.88** 
40 17.19 672.21** 40 13.96** 263.40** 
40 43.80 687.23** 40 8.41** 323.14** 
10 187.65* 1936.29** 10 54.14** 1590.61** 
40 359.87** 621.94** 40 18.37** 674.39** 
40 156.03** 414.27** 40 16.66** 522.92** 
390 182.72** 1088.77** 390 32-96** 738.70** 
10 685.82** 628.38 10 266.82** 3870.86** 
10 96.99** 2574.97** 10 22.83** 490.84** 
90 37.75 1112.24** 90 20.75** 578.34** 
90 87.74** 879.96** 90 18.74** 497.37** 
10 351.40** 3438.57** 10 146.06** 2546.09** 
90 376.44** 1085.85** 90 27.53** 797.53** 
90 163.84** 901.94** 90 27.39** 560.26** 
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Table 5. (Continued) 
Mean squares 
Source of variation df PLTHT TEN 
Environments (E) 1 2180. 85 6. 26 
Sets (S) 9 7418. 13 185. 76* 
E X S 9 2970. 31** 68. 24 
Replications/E x S 20 796. 15** 33. 71** 
Inbreeding levels (F) 1 277903. 51** 1809. 09** 
E X F 1 1347. 37 6. 87 
S X F 9 1126. 44 23. ,72 
E X S X F 9 771. 91 10. ,15 
Error (a) 20 870. 84** 11. 04* 
Entries (G)/F/S 580 1224. 53** 50. ,04** 
Among full-sib families 190 1111. 78** 44. 25** 
BSIO vs BSll 10 7239. 06** 76. 00** 
BSIOCO vs BS10(FR)C6 10 648. 92** 47. 93** 
Among BSIOCO 40 554. 21** 27. 70** 
Among ES10(FR)ce 40 592. 77** 22. 86** 
BSllCO vs BS11(FR)C6 10 2545. 28** 285. 24** 
Among BSllCO 40 842. 12** 33. 50** 
Among BS11(FR)C6 40 683 .51** 23. 83** 
Among S^  lines 390 1279. 47** 52. 86** 
BSIO vs BSll 10 7375. 18** 99. 45** 
BSIOCO vs BS10(FR)C6 10 925. 27** 29. 13** 
Among BSIOCO 90 1222. 67** 52, .48** 
Among BS10(FR)C6 90 1026, .90** 44, .23** 
BSllCO vs BS11(FR)C6 10 2922 .76** 330, .86** 
Among BSllCO 90 1017 .17** 57 .73** 
Among BS11(FR)C6 90 1030 .60** 23 .55** 
Table 5. (Continued) 
Mean squares 
Source of variation df YIELD EPF 
E X G/F/S 1740 61.67** 2.61** 
E X Among full-sib families 570 73.61** 1.87** 
E X BSIO vs BSll 30 99.10* 2.67** 
E X BSIOCO vs BS10(FR)C6 30 46.47 1.09 
E X Among BSIOCO 120 62.53 0.79 
E X Among BS10CFR)C6 120 71.15 1.70 
E X BSllCO vs BS11(FR)C6 30 72.91 3.04** 
E X Among BSllCO 120 77.60* 2.05** 
E X Among BS11(FR)C6 120 83.76** 2.65** 
E X Among S^  lines 1170 55.85** 2.97** 
E X BSIO vs BSll 30 74.83** 2.51 
E X BSIOCO vs BS10(FR)C6 30 50.93 2.38 
E X Among BSIOCO 270 56.11** 1.81 
E X Among BS10(FR)C6 270 49.44** 2.81 
E X BSllCO vs BS11(FR)C6 30 82.28** 4.35** 
E X Among BSllCO 270 60.01** 3.70** 
E X Among BS11(FR)C6 270 53.36** 3.53** 
Error (b) 2320 46.60 1.97 
Full-sib family error 760 60.46 1.51 
S^  line error 1560 39.85 2.20 
Full-sib family mean 5.68 1.12 
line mean 3.92 1.12 
Overall mean 4.51 1.12 




















RTLG STKLG df SLKDT EAEHT 
60.79** 281.14** 580 3.41** 79.41 
63.48** 242.04** 190 2.81** 92.86 
145.81** 294.83* 10 10.60** 96.92 
47.87 268.93 10 3.21 57.73 
13.42 266.11** 40 2.50 116.90 
33.61 271.06** 40 2.39 91.16 
72.26* 278.55 10 3.22 84.86 
100.31** 202.02 40 2.60 89.27 
87.71** 199.90 40 1.61 83.85 
59.48** 300.19** 390 3.70** 72.85 
184.98** 415.34** 10 14.43** 114.89 
42.34 247.63 10 4.36 79.60 
26.02 337.21** 90 3.77* 66.20 
41.83 314.31** 90 2.63 73.12 
90.08** 798.56** 10 2.63 74.95 
85.91** 251.50** 90 5.12** 84.86* 
68.71** 235.42** 90 2.12 61.59 
38.45 172.80 1160 2.47 73.00 
39.88 179.29 380 1.95 93.57 
37.75 169.64 780 2.72 62.98 
4.03 34.05 28.49 120.53 
4.02 28.80 30.83 104.86 
4.02 30.55 30.05 110.09 
154.25 43.03 5.23 7.76 
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Table 5. (Continued) 
Mean squares 
Source of variation df PLTHT TBN 
E X G/F/S 580 124.64 7.18** 
E X Among full-sib families 190 136.47 7.57** 
E X BSIO vs BSll 10 212.40 13.29** 
E X BSIOCO vs BS10(FR)C6 10 166.21 5.94 
E X Among BSIOCO 40 156.95 6.57* 
E X Among BS10(FR)C6 40 77.06 8.87 
E X BSllCO vs BS11(FR)C6 10 181.53 10.78* 
E X Among BSllCO 40 137.11 9.67** 
E X Among BS11(FR)C6 40 137.06 3.35 
E X Among S^  lines 390 118.88** 6.99 
E X BSIO vs BSll 10 144.45 16.72** 
E X BSIOCO vs BS10(FR)C6 10 170.11 2.71 
E X Among BSIOCO 90 111.21 5.33 
E X Among BS10(FR)C6 90 109.99 7.22 
E X BSllCO vs BS11(FR)C6 10 60.68 11.16 
E X Among BSllCO 90 139.86** 9.12* 
E X Among BS11(FR)C6 90 112.38 5.21 
Error (b) 1160 103.63 5.96 
Full-sib family error 380 120.11 5.27 
S^  line error 780 95.60 6.30 
Full-sib family mean 225.43 18.87 
S^  line mean 202.60 17.03 
Overall mean 210.21 17.64 
Overall CV (%) 4.84 13.84 
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EARHT, PLTHT, and TBN. Differences among set means were highly 
significant for STKLG and significant (P _< 0.05) for TBN. 
No statistically significant differences were detected between the 
means of progenies with different inbreeding levels for EPF or RTLG. 
Significant effects of inbreeding levels were observed for STKLG and 
SLKDT, and differences between inbreeding levels were highly significant 
for YIELD, EAEHT, PLTHT, and TBN. Environments x inbreeding levels 
interactions were significant for RTLG and SLKDT, and highly significant 
for YIELD, indicating inconsistencies in performance of the two 
inbreeding levels over environments. Sets x inbreeding levels and 
environments x sets x inbreeding levels mean squares were nonsignificant 
for all traits. 
Differences among entries within inbreeding levels within sets were 
highly significant for all traits. Highly significant differences for 
all traits were also found both among full—sib families and S^  lines 
within sets. These results indicate that genetic variability exists 
within the four reference populations represented by the full-sib and 
S^  progenies evaluated in this study. Environments x entries within 
inbreeding levels within sets mean squares were highly significant for 
all traits except EAEHT and PLTHT. However, interaction mean squares 
were much smaller in magnitude than were those of entries within 
inbreeding levels within sets, ranging from 10.3% as large for EPF to 
34.0% as large for RTLG. 
Tests of significance of primary interest in this study involve 
the partitions of the variance among either full-sib families or S^  ^
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lines. The contrast BSIO vs BSll within sets was highly significant 
both among full-sib families and S^  lines for all traits except STKLG. 
This shows that means of the two populations, averaged over cycles of 
selection, were different in at least one set among full-sib families 
and S^  lines for all traits except STKLG. No significant differences 
between BSIO and BSll for STKLG were found for either full-sib families 
or S^  lines. 
The environments x BSIO vs BSll within sets among full-sib families 
mean squares were highly significant for EPP, RTLG, SLKDT, and TBN and 
significant for YIELD and STKLG. Mean squares for EAEHT and PLTHT were 
nonsignificant for environments x BSIO vs BSll within sets, among full-
sib families. The same contrast, among S^  lines was highly significant 
for YIELD, RTLG, STKLG, SLKDT, and TBN and nonsignificant for EPP, 
EAEHT, and PLTHT. Significance of the environments x BSIO vs BSll 
within sets interaction demonstrates that changes in the ranking and/or 
magnitude of the differences between the means of BSIO and BSll occurred 
in at least one set. 
Mean squares for the contrasts BSIOCO vs BS10(FR)C6 within sets 
and BSllCO vs BS11(FR)C6 within sets were highly significant among 
full-sib families and S^  lines for all traits except RTLG. For this 
trait, the BSIOCO vs BS10(FR)C6 within sets contrast was not significant 
among full-sib families, but was highly significant among S^  lines. 
The BSllCO vs BS11(FR)C6 within sets contrast was significant among 
full-sib families and highly significant among S^  lines. Significance 
of the cycles within populations within sets contrast shows that a 
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correlated response to reciprocal full-sib selection occurred in at 
least one set. Direct response to interpopulation improvement is 
measured by performance of the interpopulation cross; however, only 
intrapopulation progenies were evaluated in this study. Thus, only 
correlated responses to reciprocal full-sib selection can be estimated. 
Environments x BSIOCO vs BS10(FR)C6 within sets and environments x 
BSllCO vs BS11(FR)C6 within sets interactions were generally non­
significant both among full-sib families and lines. Significant 
environments x cycles of selection within sets contrasts, among either 
full-sib families, or lines, were detected only for the BSll 
populations. Among full-sib families, the contrast was highly 
significant for EPF and significant for RTLG and TBN. Environments x 
BSllCO vs BS11(FR)C6 within sets mean squares among line were highly 
significant for YIELD, EPF, RTLG, and STKLG. Significance of 
environments x cycle of selection within sets interactions indicates 
that response to selection differed in different environments. The 
magnitudes of the interaction mean squares, however, were much smaller 
than the mean squares of their corresponding main effects. 
Differences among entries within sets within each of the four 
populations evaluated were highly significant at both inbreeding levels 
for YIELD, STKLG, SLKDT, EARHT, PLTHT, and TBN. For EPF, differences 
among full-sib families within sets within BSIOCO were significant, and 
differences in the remaining populations at both inbreeding levels were 
highly significant. No significant differences for RTLG were detected 
among full-sib families within sets for either cycle of selection in 
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BSIO, and among lines in BSIOCO. Differences among entries within 
sets for RTLG in both the CO and C6 cycles of BSll at both inbreeding 
levels and among lines in BS10C6 were highly significant. 
Significant differences among entries within sets within a population 
demonstrates that genetic variability exists in that population. 
Generally, environments x entries within populations interactions 
among full-sib progenies were nonsignificant, indicating that 
performance of full-sib families within populations was consistent 
over environments. However, highly significant environments x entries 
within populations within sets interactions were detected for STKLG 
among full-sib families in the CO and C6 cycles of BSIO, and a 
significant interaction was found for TBN among full-sib families in 
BSIOCO. Significance of environments x entries within populations 
within sets interactions among full-sib families was more frequent in 
the CO and C6 cycles of BSll. This interaction was significant for 
YIELD and highly significant for EPF, RTLG, and TBN in BSllCO. Highly 
significant environments x entries within populations within sets 
interactions were detected for YIELD, EPF, and RTLG in full-sib 
families in BS11(FR)C6. 
Significance of environments x entries within populations within 
sets interactions were more frequent among progenies evaluated as S^  
lines. Considering lines in BSIOCO, a significant interaction was 
detected for SLKDT, and highly significant interactions were detected 
for the CO and C6 cycles of BSIO for YIELD and STKLG. Among S^  lines 
in BSllCO, significant interactions were detected for EARRT and TBN, 
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and highly significant interactions were found for all other traits. 
Environments x entries within BS11(FR)C6 within sets interactions were 
highly significant for YIELD, EPF, RTLG, and STKLG. 
Population means, minimum and maximum values, and ranges of full-
sib families and lines are presented in Tables 6 and 7. In several 
cases, the F-test of the CO vs C6 within populations within sets 
contrast seems to be in disagreement with the LSD. A significant 
F-ratio for this contrast indicates that the CO and C6 population means 
were different in at least one set. The LSD is applicable to the means 
of the cycles within populations averaged over all sets. 
Mean YIELD of BSIO and BSll increased significantly from the CO to 
C6 cycles when either full-sib families or S^  lines were evaluated. 
Full-sib family evaluation showed that population means of BSIO and 
BSll increased 6.3 and 5.7%, respectively, from the CO to the C6 
cycles. The observed increase in YIELD from the CO to C6 cycles when 
lines were evaluated was 11.6% for BSIO and 26.3% for BSll. 
The range in YIELD among full-sib families was 2.21 Mg/ha greater 
in BS10(FR)C6 than in BSIOCO, but decreased from 7.73 to 7.16 Mg/ha 
from the CO to C6 cycles of BSll. Ranges of YIELD values decreased 
1.87 and 1.03 Mg/ha among S^  lines from the CO and C6 cycles of BSIO 
and BSll. respectively. 
Correlated responses of YIELD to reciprocal full-sib selection as 
evaluated by S^  lines, in BSIO and BSll are presented graphically in 
Figures 1 and 2. The frequency distributions demonstrated that 
reciprocal full-sib selection was effective in increasing mean YIELD 
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Table 6. Means, minimum and maximum values, ranges, standard errors 
(SE), and least significant differences (LSD) of full-
sib families within populations for traits measured in the 
experiments conducted at Ames and Kanawha in 1983 and 1984^  
Trait 
Population 






















0.04 0 .12  
EPP 
Mean 1.03 1.17 1.08 1.21 0.01 0.02 
Minimum 0.73 0.80 0.68 0.78 
Maximum 1.43 1.75 1.74 2.17 
Range 0.70 0.95 1.06 1.38 
RTLG 
Mean 1.58 2.54 7.24 4.77 0.40 1.10 
Minimum 0.00 0.00 0.00 0.00 
Maximum 35.00 44.44 80.00 73.91 
Range 35.00 44.44 80.00 73.91 
STKLG 
Mean 38.82 27.16 39.62 30.62 0.78 2.16 
Minimum 0.00 0.00 0.00 0.00 
Maximum 100.00 100.00 95.24 90.91 
Range 100.00 100.00 95.24 90.91 
l^ELD and EPP were measured in all environments; RTLG and STKLG 
were measured in the experiments near Ames in 1983 and 1984, and near 
Kanawha in 1984; SLKDT, EARHT, PLTHT, and TBN were measured in the 
experiments near Ames in 1983 and 1984. 
Y^IELD is expressed in Mg/ha, RTLG and STKLG in percent, SLKDT in 
days after June 30, and EARHT and PLTHT in cm. 
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Table 6. (Continued) 
Population 
Trait BSIOCO BS10(FR)C6 BSllCO BS11(FR)C6 SE LSD (0.05) 
SLKDT 
Mean 27.27 27.16 30.75 28.80 0.08 0.23 
Minimum 22.00 21.00 25.00 23.00 
Maximum 39.00 38.00 39.00 35.00 
Range 17.00 17.00 14.00 12.00 
EARHT 
Mean 114.21 113.54 132.63 121.76 0.48 1.34 
Minimum 74.40 90.60 82.40 89.00 
Maximum 202.60 210.20 185.20 224.80 
Range 128.20 119.60 102.80 135.80 
PLTHT 
Mean 217.67 214.54 241.84 227.66 0.56 1.55 
Minimum 101.00 124.60 162.80 115.20 
Maximum 257.40 250.40 303.40 271.20 
Range 156.40 125.80 140.60 156.00 
TB3 
Mean 17.65 18.48 22.13 17.23 0.14 0.38 
Minimum 9.20 9.40 12.40 8.60 
Maximum 27.40 27.20 41.20 24.40 
Range 18.20 17.80 28.80 15.80 
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Table 7. Means, minimum and maximum values, ranges, standard errors 
(SE) and least significant differences (LSD) of S^  lines 
within populations for traits measured in the experiments 
conducted at Ames and Kanawha in 1983 and 1984^  
Trait 
Population 
























Mean 1.00 1.20 1.02 1.24 0.01 0.02 
Minimum 0.24 0.58 0.09 0.58 
Maximum 1.78 2.05 2.17 2.50 
Range 1.54 1.47 2.08 1.92 
RTLG 
Mean 2.05 2.97 6.73 4.32 0.27 0.76 
Minimum 0.00 0.00 0.00 0.00 
Maximum 36.84 52.38 78.95 55.00 
Range 36.84 52.38 78.95 55.00 
STKLG 
Mean 33.05 24.47 32.92 24.76 0.61 1.70 
Minimum 0.00 0.00 0.00 0.00 
Maximum 100.00 100.00 100.00 100.00 
Range 100.00 100.00 100.00 100.00 
l^ELD and EPF were measured in all environments; RTLG and STKLG 
were measured in the experiments near Ames in 1983 and 1984, and near 
Kanawha in 1984; SLKDT, EARHT, PLTHT, and TEN were measured in the 
experiments near Ames in 1983 and 1984. 
Y^IELD is expressed in Mg/ha, RTLG and STKLG in percent, SLKDT in 
days after June 30, and EARHT and PLTHT in cm. 
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Table 7. (Continued) 
Trait 
Population 

























































































Figure 1. Frequency distributions of YIELD of lines from the CO 
(above) and C6 (below) cycles of BSIO. The dashed vertical 
line indicates the mean of all lines evaluated in the 
experiment, and the solid vertical line indicates the mean of 
the population represented by the frequency distribution 
75 
0.32 0.98 1.80 2.24 2.88 3.52 4. 16 4.80 5.44 6.08 6.72 7.36 8.00 
TIELO MIOPOINT 
Figure 2. Frequency distributions of YIELD of lines from the CO 
(above) and C6 (below) cycles of BSll. The dashed vertical 
line indicates the mean of all lines evaluated in the 
experiment, and the solid vertical line indicates the mean of 
the population represented by the frequency distribution 
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of both populations, and also in increasing the frequency of C6 cycle 
lines with mean yields above the population mean. 
Reciprocal full-sib selection, as practiced at Iowa State University, 
provides direct selection pressure for selected traits, plus indirect 
selection pressure for prolificacy. Indirect selection was effective 
in increasing mean EPP in both BSIO and BSll. Considering full-sib 
families, EPP increased 13.6 and 12.0% from the CO to C6 cycles of BSIO 
and BSll, respectively. Evaluating populations as S^  lines, there was a 
20.0% increase in EPP from BSIOCO to BS10CFR)C6, and a 21.6% increase 
from the CO to C6 cycles of BSll. 
The range of EPP values increased among full-sib families from the 
CO to C6 cycles of BSIO and BSll by 0.25 and 0.32 EPP, respectively. In 
contrast, ranges of EPP values among S^  lines decreased from the CO to 
C6 cycles by 0.07 EPP in BSIO and 0.16 EPP in BSll. 
Population means for RTLG showed similar trends for full-sib 
families and S^  lines. Mean RTLG values increased from BSIOCO to 
BS10(FR)C6 for both inbreeding levels. However, the increase was 
significant only among S^  ^ lines, which increased 44.9%. At both 
inbreeding levels of BSll mean RTLG values decreased significantly from 
the CO to C6 cycles. Mean RTLG values decreased by 34.1% among full-
sib families and 35,8% among lines. Percent changes in mean RTLG 
values were large because of relatively small changes in small actual 
values of RTLG. 
Ranges of RTLG values increased both among full-sib families and S^  
lines from BSIOCO to BS10(FR)C6. Among full-sib families the increase 
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was 9.4%, and among lines the range of RTLG values increased by 15.5%. 
From BSllCO to BS11(FR)C6 the range of RTLG values decreased by 6.1 and 
24.0% among full-sib families and lines, respectively. 
Decreases in mean STKLG values in response to selection were 
observed in both populations at both inbreeding levels. From the CO to 
C6 cycles of BSIO, mean STKLG values decreased 30.0 and 26.0% among 
full-sib families and S^  lines, respectively. In BSll, mean STKLG values 
decreased 22.7% among full-sib families and 24.8% among S^  lines. 
A decrease of 4.3% in the range of STKLG values was observed among 
full-sib families from BSllCO to BS11(FR)C6. Among full-sib families 
STKLG values ranged from 0 to 100% from BSIOCO to BS10CFR)C6. Ranges of 
STKLG values were unchanged among S^  lines from the CO to C6 cycles of 
both BSIO and BSll, with values ranging from 0 to 100%. 
Mean SLKDT values were essentially unchanged among either full-sib 
families or lines in BSIO in response to reciprocal full—sib 
selection. Significant decreases in SLKDT were observed among both 
progeny types from BSllCO to BSll(FR)Cô, with full-sib families 
decreasing by 6.3% and S^  lines decreasing by 7.5%. 
Among full-sib families, the range of SLKDT values was 17 days 
among both BSIOCO and BS10(FR)C6, while the range of SLKDT values 
decreased from 14 days in BSllCO to 12 days in BS11(FR)C6. Similar 
trends were observed among S^  lines. The range of SLKDT values was 16 
days in BSIOCO and 17 days in BS10(FR)C6. A decrease from 21 days in 
BSllCO to 17 days in BS11(FR)C6 for range of SLKDT values was observed 
among S^  ^ lines. 
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No significant differences in EARHT were detected between BSIOCO 
and BS10(FR)C6 among full-sib families. However, among lines EARHT 
increased 2.8%. Significant decreases from BSllCO to BS11(FR)C6 of 8.2 
and 7.9% among full-sib families and lines, respectively, were 
observed for EARHT. 
Ranges of EARHT values among full-sib families decreased 8.6 cm 
from the CO to C6 cycles of BSIO, and increased 33.0 cm from BSllCO to 
BS11(FR)C6. The range in EARHT values among lines was 93.0 cm in 
BSIOCO and 98.8 cm in BS10(FR)C6, while the range of EARHT values 
decreased from 94.6 to 83.4 cm from BSllCO to BS11(FR)C6. 
Responses of PLTHT to reciprocal full-sib selection were similar to 
those of EARHT. Among full-sib families in BSIO mean PLTHT decreased 
1.4% from the CO to the C6 cycles and increased 0.4% among S^  lines. 
Decreases in mean PLTHT of 5.9% and 4.8% were observed among full-sib 
families and lines, respectively, from BSllCO to BS11(FR)C6. 
Among full-sib families, the range of PLTHT values decreased 30.6 
cm from the CO to the C6 cycle of BSIO, and increased 15.4 cm from 
BSllCO to BS11(FR)C6. Ranges of PLTHT values among S^  lines decreased 
16.8 and 10.2 cm from the CO to C6 cycles of BSIO and BSll, respectively. 
At both inbreeding levels mean TBN increased from BSIOCO to 
BS10(FR)C6, and decreased from BSllCO to BS11(FR)C6. Among full-sib 
families the increase in BSIO was 4.7%, and the decrease in BSll was 
22.1%. Considering S^  lines, the CO to C6 cycle increase in BSIO was 
2.3%, and the decrease in BSll was 19.5%. 
The range of TBN values among full-sib families decreased by 0.4 
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branches from BSIOCO to BS10(FR)C6, and by 13.0 branches from the CO to 
the C6 cycle of BSll. Among lines, ranges of TEN values increased 
by 1.2 branches from BSIOCO to BS10(FR)C6, and decreased by 14.2 
branches from BSllCO to BS11(FR)C6. 
Observed inbreeding depression, within each population, after one 
generation of self-pollination, is shown in Table 8. The values are 
the reduction in the mean of the 5^  generation expressed as a percentage 
of the SQ (full-sib) generation mean. Generally, the C6 cycles showed 
less inbreeding depression than the CO cycles. 
Table 8. Inbreeding depression expressed as the reduction in the 
generation mean as a percentage of the SQ generation mean, 
averaged over 1983 and 1984 
Population 
Trait BSIOCO BS10(FR)C6 BSllCO BS11(FR)C6 
YIELD 30.07 26.56 39.46 27.70** 
EPF 2.91 -2.56 5.56 -2.48 
RTLG -29.75 -16.93 7.04 9.43 
STKLG 14.86 9.90 16-91 19.14 
SLKDT -8.87 -8.65 -8.36 -7.05* 
EARHT 13.23 10.31* 14.25 13.94 
PLTHT 10.02 8.37* 11.47 10.46* 
TBN 8.27 10.39 11.48 8.42* 
*,**Significant differences between estimates of inbreeding 
depression in the CO and C6 cycles within BSIO or BSll at the 0.05 and 
0.01 probability levels, respectively. 
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A highly significant reduction in inbreeding depression for YIELD 
was found between BSllCO and BS11(FR)C6. The C6 population of BSll 
showed 29.8% less inbreeding depression than the CO population. An 
11.7% reduction in inbreeding depression was detected between BSIOCO 
and BS10(FR)C6. However, differences between inbreeding depression in 
the CO and C6 populations were not significant. 
Negative values of inbreeding depression were obtained for various 
populations for the traits EPF, RTLG, and SLKDT, because line means 
were greater than means of full-sib families. Both BS10(FR)C6 and 
BS11(FR)C6 had negative values of inbreeding depression for EPF. It is 
not known why mean EFF values of lines were greater than full-sib 
families. However, in both BSIO and BSll the decrease in inbreeding 
depression was nonsignificant. 
Negative values of inbreeding depression for SLKDT were expected, 
indicating that silk emergence of S^  lines was later than full-sib 
families. A significant reduction of 15.7% in inbreeding depression 
for SLKDT was found from the CO to C6 cycles of BSll. Inbreeding 
depression for SLKDT was also reduced from BSIOCO to BS10(FR)C6, but 
the reduction was nonsignificant. 
Inbreeding depression for EARHT in BS10(FR)C6 was 22.1% less than 
in BSIOCO. This reduction was statistically significant. A nonsigni-
cant reduction of 2.2% in inbreeding depression for EARHT from BSllCO 
to BS11(FR)C6 was observed. 
In both BS10(FR)C6 and BS11(FR)C6, significantly less inbreeding 
depression was detected for FLTHT than in the corresponding CO 
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populations. The difference between inbreeding depression estimates in 
the CO and C6 cycles of BSIO was 16.5%. An 8.8% decrease in inbreeding 
depression for PLTHT was observed from BSllCO to BS11(FR)C6. 
Inbreeding depression for TEN showed a nonsignificant increase of 
25.6% from 6S10C0 to BS10(FR)C6. In contrast, a significant decrease 
in inbreeding depression for TBN was found between the CO and C6 cycles 
of BSll. The observed decrease from BSllCO to BS11(FR)C6 was 26.7%. 
Estimates of Genotypic, Environments x 
Genotypic, and Experimental Error 
Components of Variance and Covariance 
Estimates of genotypic, environments x genotypic, and experimental 
error components of variance and their standard errors for full-sib 
families and lines within the CO and C6 cycles of BSIO and BSll are 
presented in Tables 9 and 10. If the estimates are distributed 
normally, the confidence interval at the 95% probability level is 
bounded by ± two standard errors of the estimates. 
Genotypic components of variance among full-sib families and S^  ^
lines within each population were significantly different from zero for 
all traits except RTLG. Genotypic components of variance among full-sib 
families for RTLG were not significantly different from zero within 
BSIOCO, BS10(FR)C6, and BS11(FR)C6. Among S^  lines, genotypic components 
of variance for RTLG within the CO and C6 cycles of BSIO were not 
significantly different from zero. Generally, genotypic variance 
components among S^  lines were larger in magnitude than variance 
components among full-sib families, which is consistent with the genetic 
Table 9. Estimated genotyplc (OQ), environments x genotyplf and experimental error (Og) 
components of variance and their standard errors calculated from combined analyses of 
variance of experiments conducted at Ames and Kanawha in 1983 and 1984 
Tralt^  




BSIOCO 16.31 + 5.36 0.15 ± 0.06 0.63 ± 0. 72 67.68 ± 25.41 
BS10(FR)C6 18.13 + 6.01 1.32 ± 0.33 1.70 ± 1.82 69.36 + 25.97 
BSllCO 30.10 ± 8.77 0.92 ± 0.26 43.26 + 13.35 69.99 ± 23.22 
BS11(FR)C6 14.37 + 5.58 0.85 ± 0.26 11.39 ± 6.12 35.73 + 15.94 
BSIOCO 1.03 + 4.29 -0.36 ± 0,06 -13,23 + 1.58 43.41 ± 21.45 
BS10(FR)C6 5.34 ± 4.81 0.09 ± 0.12 -3.14 ± 2.88 45.88 + 21.82 
BSllCO 8.57 + 5.20 0.27 ± 0.14 30.21 ± 7.92 11.36 ± 16.64 
BS11(FR)C6 11.65 + 5.58 0.57 ± 0.17 23.91 + 6,95 10.31 ± 16.49 
60.46 + 3.10 1,51 ± 0,08 39.88 ± 2.36 1.79 + 10.60 
BSIOCO 66.21 ± 10.81 1.16 ± 0.21 1.96 ± 1.03 129.17 ± 27.96 
BS10(FR)C6 32.69 + 5, 76 3.20 ± 0.52 7.65 ± 2.28 94.28 ± 22.31 
BSllCO 56.79 + 9.50 3.19 ± 0.54 48.42 + 9.37 139.06 ± 27.04 
BS11(FR)C6 42.52 + 7.28 2,33 ± 0.41 15.86 ± 4.20 111.09 ± 22.54 
BSIOCO 8,13 ± 2.51 -0.19 ± 0.09 -5.86 + 1.57 83.79 ± 18.02 
BS10(FR)C6 4.80 ± 2.24 0.31 ± 0.13 2.04 + 2.33 72.33 ± 16.84 
BSllCO 10.08 ± 2.67 0.75 + 0.16 24.08 ± 4.57 40.93 + 13.64 
BS11(FR)C6 6.75 ± 2.40 0.67 ± 0.16 15.48 ± 3.68 32.89 ± 12.83 
39.85 ± 1.43 2.20 ± 0.08 37.75 i 1.56 169.64 ± 7.01 
YIELD and EPP were measured in all environments; RTLG and STKLG were measured in the 
experiments near Ames in 1983 and 1984, and near Kanawha in 1984. 
Y^IELD and EPP components were multiplied by 100. 
Table 10. Kstlmated genotypic (of;), environments x genotyplc (up^ ), and experimental error (Oe) 
components of variance and their standard errors calculated from combined analyses of 
variance of experiments conducted at Ames in 1983 and 1984 
Family Component Population SLKirr 
Trait 




a  EC. 
BSIOCO 2.87 ± 0.77 36.62 ± 15.72 99.32 + 31,42 5.28 ± 1,55 
BS10(FR)C6 1.51 + 0.48 58.00 + 18.32 128.93 ± 32.61 3.50 ± 1,34 
BSllCO 3.94 + 1.01 146.28 ± 37.11 176.25 ± 46,55 5.96 ± 1.90 
BS11(FR)C6 3.76 ± 0.91 109.77 ± 28.89 136.61 ± 38,03 5.12 ± 1.31 
BSIOCO 0.27 ± 0.28 11.67 ± 13.20 18.42 ± 17,67 0,65 ± 0.74 
BS10(FR)C6 0.22 ± 0.27 -1.20 ± 10.51 -21,52 ± 9.46 1,80 + 0.99 
BSllCO 0.33 ± 0.29 -2,15 + 10.31 8,50 ± 15,58 2.20 ± 1.07 
BS11(FR)C6 -0.17 ± 0.19 -4.86 ± 9.75 8.47 + 15.57 -0.96 ± 0.41 
1.95 ± 0.14 93.57 ± 6.77 120.11 ± 8,69 5.27 ± 0.38 
BSIOCO 4.24 ± 0. 78 128.04 ± 21.46 277.86 ± 45.25 11.79 + 1.94 
BS]0(FR)C6 4.03 + 0.70 106.06 ± 18.5.3 229.23 ± 38,07 9.25 + 1.65 
BSllCO 5.60 + 1.03 178.17 ± 29.56 219.33 ± 37,85 12.15 ± 2.15 
BS11(FR)C6 6. 32 ± 1.01 124.67 ± 20.78 229.56 + 38,21 4.59 ± 0.89 
BSIOCO 0.53 ± 0.29 1.61 ± 5.13 7,80 + 8.55 -0.48 ± 0,42 
BS10(FR)C6 -0,05 ± 0,21 5,07 ± 5.62 7.19 ± 8,46 0.46 ± 0.56 
BSllCO 1,20 ± 0.38 10.94 + 6,46 22,13 ± 10,59 1.41 ± 0.69 
BSl](FR)C6 -0.30 ± 0.17 -0.70 ± 4.81 8.39 ± 8.63 -0,55 ± 0.42 
00 Ln 
2.72 ± 0.14 62.98 ± 3.19 95,60 ± 4.83 6.30 ± 0.32 
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expectations of these estimates. Environments x genotypic components 
of variance were generally substantially smaller than their corresponding 
genotypic variance components for all traits except RTLG. Environments 
X genotypic components of variance were generally more similar in 
magnitude to their corresponding genotypic components for RTLG than for 
other traits. Among full—sib families, nearly 72% of the estimates of 
environments x genotypic variance components were not significantly 
different from zero, while approximately 56% of the environments x 
genotypic variance components among lines were greater than two times 
their standard errors. Several estimates of the environments x genotypic 
components of variance were negative. 
Estimates of genotypic, environments x genotypic, and experimental 
error components of covariance between full-sib families and lines 
are given in Tables 11 and 12. Genotypic components of covariance were 
significantly different from zero in all reference populations for the 
traits EPF, SLKDT, EARHT, PLTHT, and TEN. For YIELD, the only 
genotypic component of covariance significantly different from zero was 
in BSllCO. Estimated genotypic covariances for both the CO and C6 
cycles of BSIO were not significantly different from zero for RTLG. 
The genotypic covariance between full-sib families and lines was not 
significantly different from zero for STKLG in BSllCO or BS11(F'R)C6. 
Two of 32 environments x genotypic covariance components were 
significantly different from zero. Estimates of environments x genotypic 
components of covariance within BSIOCO were greater than two times their 
standard error for STKLG and SLKDT. Several negative estimates 
Table 11. Estimated genotyplc (OQ), environments x penotypic and experimental error (o^ ) 
components of covarlance and their standard errors calculated from combined analyses of 
covarlance between full-sib families and S, lines for experiments conducted at Ames and 
Kanawha In 1983 and 1984^  
Trait 
Component Population YIIiLD*' KPP'' RTLG STKLG 
BSIOCO 0.76 ± 6.52 0.24 ± 0.10 0.97 ± 0.78 59.90 ± 22, 56 
BS10(FR)C6 6.64 ± 5.15 1.21 + 0.41 3.04 ± 1.83 54.91 + 22. 88 
BSIJGO 21.28 4; 8.53 0.91 + 0.35 43.74 ± 11.86 45.41 ± 22. 87 
BSl](FR)G6 9.79 5.69 0.72 jt 0.31 10.04 ± 4.64 27.83 + 16. 97 
BSIOCO 1.11 ± 2.86 -0.01 ± 0.06 2.13 ± 1.37 42.42 + 17. 55 
BS10(FR)C6 -0.04 2.85 0.08 ± 0.11 2.06 ± 2.26 27.13 ± 16. 81 
BSllCO 1.23 i 3.24 0.10 ± 0.13 4.04 + 5,22 16.17 ± 13, 14 
BS11(FR)C6 2.67 ± 3.19 0.16 ± 0.14 1.53 ± 4.38 16.25 ± 12, 70 
1.27 + 1.94 0.03 ± 0.07 -0,60 + 1.77 -6,55 ± 7. 95 
Y^IELD and EPF were measured in all environments; RTLG and STKLG were measured in the 
experiments near Ames in 1983 and 1984, and near Kanawha in 1984. 
''yield and EPP components were multiplied by 100. 
Table 12. Estimated genotyplc; (o^ ), environments x genotyplc (og(;), and experimental error (o^ ) 
components of covarlance and their standard errors calculated from combined analysis of 
covarlance between full-slb families and S, lines for experiments conducted at Ames in 
1983 and 1984 
Trait 
Component Population SLKDT EARIIT PLTHT TUN 
BSIOCO 2.47 ± 0.75 54. ,95 ± 17.65 94.32 ± 35.55 5.10 + 1.69 
BS10(FR)C6 1. 71 ± 0.56 52, 82 ± 17.80 103.44 ± 34.48 4.44 ± 1.48 
BSllCO 3. 74 ± 1.06 124. 77 ± 34.40 140.78 ± 41.93 6.10 ± 1.98 
BS11(FR)C6 3. 73 ± 1.02 75. 17 ± 24.05 126.10 ± 37.94 3.16 ± 1.06 
BSIOCO -0.56 i 0.25 3. 62 ± 7.12 3.75 ± 10.69 -0.01 + 0.48 
BS10(FR)C6 -0.14 ± 0.20 3. 64 ± 6.66 2.36 ± 7.76 0.92 ± 0. 66 
BSllCO 0.01 ± 0.29 2. 89 ± 7.05 -8.91 ± 11,12 0,01 ± 0.74 
BS11(FR)C6 0.08 i 0.16 2. 70 ± 5.94 -7.09 ± 10.05 0.07 ± 0.36 
0.38 0.13 -5. 17 + 4.29 7,39 ± 5.99 0.25 ± 0.32 
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of environments x genotypic components of covariance were obtained, 
including a significantly negative estimate for SLKDT in BSIOCO. 
Generally, the magnitudes of the environments x genotypic components of 
covariance were substantially smaller than their corresponding 
genotypic components. Estimates of the genotypic components of 
covariance and the genotypic components of variance among full-sib 
families were similar, which is consistent with their genetic 
expectations. 
Estimated parent-offspring covariances for the traits SLKDT, EASHT, 
and TBN are given in Table 13. For SLKDT, only the covariance between 
SQ individuals and full-sib families within BSllCO was significantly 
different from zero, while the covariance between SQ individuals and 
lines was significantly different from zero in both the CO and C6 cycles 
of BSll. The covariance between SQ plants and full-sib families was 
not significantly different from zero for EARHT in the C6 cycles of both 
BSIO and BSll. All other covariances for EARHT were greater than two 
times their standard errors. The only significant covariance between SQ 
individuals and full-sib families for the trait TBN was in BS10(FR)C6, 
but all covariances between SQ individuals and S^  lines were 
significantly different from zero for TBN. Estimates of parent-offspring 
covariances were generally similar in magnitude to the estimates of 
genotypic variances and covariances with similar genetic expectations. 
90 
Table 13. Estimated parent-offspring covariances and their standard 
errors calculated from offspring data obtained from the 
experiments conducted at Ames in 1983 and 1984 
Trait 
Covariance Population SLKDT EARHT TBN 
Sq,FS BSIOCO 1.85 ± 1.17 81.51 ± 31.67 5.53 ± 3.04 
BS10(FR)C6 1-64 ± 1.09 46.65 ± 30.28 5.69 ± 2.74 
BSllCO 4.18 ± 2.04 184.59 ± 65.47 6.79 ± 4.27 
BS11(FR)C6 2.75 ± 1.60 86.19 ± 47.16 2.29 ± 2.74 
Sq,S^  BSIOCO 1.85 ± 1.01 143.30 ± 41.22 13.16 ± 4.19 
BS10(FR)C6 1.36 ± 1.12 131.80 ± 37.77 13.05 ± 3.84 
BSllCO 3.48 ± 1.65 244.01 ± 58.09 12.87 ± 4.96 
BS11(FR)C6 3.57 ± 1.40 137.42 ± 47.18 6.75 ± 2.38 
91 
Estimates of Additive, Dominance, 
Environments x Additive, and 
Environments x Dominance Variance 
Least squares and weighted least squares estimates and standard 
errors of weighted least squares estimates of additive (a^ ) , dominance 
(ÔQ) , environments x additive , and environments x dominance 
variance for YIELD within the CO and C6 cycles of BSIO and BSll are 
given in Table 14. Estimates of for YIELD were significantly 
-^ 2 ' ^2  different from zero within all populations. Estimates of a^ , and 
"2  for YIELD were smaller than twice their standard errors within the 
CO and C6 cycles of BSIO and BSll. Although nonsignificant, estimates 
of Og were larger than estimates of in both BSIOCO and BS10CFR)C6. 
Several negative estimates of and were obtained. 
Estimates of genetic variance for EPF are presented in Table 15. 
In all populations, estimates of were significantly different from 
zero. The only other significant estimate was the negative value of 
ôpg obtained for BSIOCO. Generally, most estimates were much smaller 
-2  ^^ 2  -2 in magnitude than estimates of a^ . Negative estimates of and 
were obtained for EPF. 
Additive, dominance, environments x additive, and environments x 
dominance variance estimates for RTLG are given in Table 16. Estimates 
of were significantly different from zero in the 06 cycle of BSIO 
2^ 
and in the CO and C6 cycles of BSll. In all populations, was 
nonsignificant and small relative to In both BSIOCO and BS10CER)C6, 
-2 -2 _ -2 -2 
was similar in magnitude to a^ . Negative estimates of and 
"2  Ogg were obtained. 
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Table 14. Estimates of additive (0^ ), dominance (0^ ), environments x 
additive (â^ ), and environments x dominance (cr^ jj) com­
ponents of variance and their standard errors (SE) for YIELD 
in the CO and C6 cycles of BSIO and BSll^  
Method^  
Component Population LS WLS SE 
-2 
BSIOCO 34.28 23.74 11.48 
BSIO(FR)C6 18.57 17.68 8.76 
BSllCO 46.17 45.85 14.24 
BSllCFR)C6 31.82 29.78 9.67 
-2 BSIOCO 62.21 47.77 33.53 
BS10(FR)C6 45.93 49.08 31.41 
BSllCO 35.26 35.64 48.94 
BSllCFR)C6 18.33 17.59 31.88 
°EA BSIOCO 6.21 5.19 4.95 
BS10(FR)C6 -0.41 -0.30 5.03 
BSllCO 2.65 2.59 5.67 
BS11CFR)C6 0.29 2.06 5.65 
- 1  
E^D BSIOCO -0.31 7.18 19.34 
BS10(FR)C6 21.52 20.68 20.04 
BSllCO 29.35 29.77 22.43 
BS11(FR)C6 35.94 22.47 22.63 
E^stimates and standard errors were multipled by 100. 
^LS and WLS indicate least squares and weighted least squares 
estimates, respectively. 
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Table 15. Estimates of additive (a%), dominance (co), environments x 
additive (â^ ), and environments x dominance (ogg) com­
ponents of variance and their standard errors (SE) for EPF 
in the CO and C6 cycles of BSIO and BSll^  
Method^  
Component Population LS WLS SE 
->2 
BSIOCO 1.00 0.75 0.18 
BS10(FR)C6 2.87 2.83 0.68 
BSllCO 2.73 2.53 0.61 
BS11(FR)C6 1.95 1.88 0.52 
'2 
BSIOCO -0.37 -0.74 0.44 
BS10(FR)C6 0.41 0.15 2.09 
BSllCO 0.03 -0.61 1.72 
BS11(FR)C6 0.50 0.27 1.60 
EA 
BSIOCO 0.10 0.07 0.11 
BSIOCFR)C6 0.25 0.24 0.18 
BSllCO 0.46 0.41 0.22 
BSllCFR)C6 0.28 0.28 0.25 
-2 
(^ ED BSIOCO -1.40 -1.41 0.36 
BS10(FR)C6 0.04 0.07 0.62 
BSllCO 0.67 0.71 0.75 
BS11(FR)C6 1.64 1.61 0.89 
E^stimates and standard errors were multiplied by 100. 
^LS and WLS indicate least squares and weighted least squares 
estimates, respectively. 
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Table 16. Estimates of additive (o^ ), dominance (og), environments x 
additive , and environments x dominance (Ogg) com­
ponents of variance and their standard errors (SE) for RTLG 
in the CO and C6 cycles of BSIO and BSll 
Method^  
Component Population LS WLS SE 
-2 
BSIOCO 2.18 2.14 1.33 
BSIO(FR)C6 8.03 7.73 3.09 
BSllCO 61,76 60.78 19.19 
BS11(FR)C6 16.37 16.95 7.87 
-2 
BSIOCO -1.37 -1.44 4.23 
BSIO(FR)C6 -5.38 -5.41 10.31 
BSllCO -1.90 -16.09 71.04 
BS11(FR)C6 5.38 0.77 29.85 
-2 
'^ EA BSIOCO 7.75 7.15 2.34 
BS10(FR)C6 6.19 5.81 3.86 
BSllCO 1.30 3.09 9.06 
BSll(FR)C6 -3.58 -1.65 7.65 
-2 
®ED BSIOCO -61.44 -59.59 8.32 
BS10(FR)C6 -20.78 -18.67 14.34 
BSllCO 104.68 91.65 35.46 
BS11(FR)C6 89.53 75.21 30.20 
and WLS indicate least squares and weighted least squares 
estimates, respectively. 
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Table 17 contains estimates of genetic and environments x genetic 
variances for STKLG. Estimates of were greater than two times their 
standard errors in all populations. Additionally, was significantly 
.2 greater than zero in BSIOCO. In all cases, estimates of for a 
-n2 ^2  .2 population were greater than estimates of and for that same 
population, and, in many cases, estimates of were much larger. 
Estimates of were negative in BSllCO and BS11CFR)C6. 
Estimates of 5^ ,^ and for SLKDT within each population, 
and based on either three or five equations are presented in Table 18. 
2^ «2 
Estimates of and based on five equations were more precise than 
three equation estimates, as indicated by their smaller standard errors. 
Estimates of and were identical for three and five equation 
estimates because two equations of the five equation estimates were 
parent-offspring covariances, which provided no information relative to 
environments x genotypic interaction variances. In all populations, 
estimates of based on either three or five equations were significantly 
~2 greater than zero. Estimates of based on five equations were all 
negative, but not significantly different from zero. Three equation 
estimates of in BS10(FR)C6 were also negative. In both the CO and 
C6 cycles of BSIO, estimates of were negative, and the estimates of 
«2 
Ogg were negative in BS11(FR)C6. In agreement with most other traits, 
-2 _ -2 -2 
estimates of were greater in magnitude than estimates of g^ , Gg^  ^
°ED-
Estimated genetic variances for EARHT are presented in Table 19. 
Only estimates of G  ^are significant, and these estiamtes are generally 
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^2  Table 17. Estimates of additive (O^), dominance (OQ), environments x 
additive , and environments x dominance (ôgg) com­
ponents of variance and their standard errors (SE) for STKLG 
in the CO and C6 cycles of BSIO and BSll 
Component Population 
Method 





































































^LS and WLS indicate least squares and weighted least squares 
estimates, respectively. 
^2  2^ *2 Table 18. Estimates of additive (0*), dominance (og), environments x additive (og^ ), and environ-
ments x dominance (Og^ ) components of variance and their standard errors (SE) for SLKDT 
in the CO and C6 cycles of BSIO and BSll 
Method^  Method^  
Component Population LS5 WLS5 S.E. LS3 WLS3 S.E. 
BSIOCO 4.77 4. 88 1. 03 4, 21 4. 23 1. 24 
BS10(FR)C6 4.24 4. 06 0. 84 3. 96 3. 91 0. 94 
BSllCO 7.61 7. 03 1. 49 6. 10 6. 03 1. 71 
BS11(FR)C6 7.01 7. 15 1. 38 6. 68 6. 62 1. 63 
BSIOCO -3.93 -3. 48 2. 93 1. 60 1. 53 4. 32 
BS10(FR)C6 -4.39 -2. 77 2. 42 -0. 80 -1. 08 2. 93 
BSllCO -6.75 -4. 19 4. 38 0. 79 1. 05 5. 86 
BS11(FR)C6 -4.88 -4. 01 3. 92 0. 13 0. 46 5. 46 
BSIOCO -0.58 -0. 66 0. 43 -0. 58 -0. 66 0. 43 
BS10(FR)C6 -0.36 -0. 34 0. 35 -0. 36 -0. 34 0. 35 
BSllCO 0.60 0. 48 0. 50 0. 60 0. 48 0. 50 
BS11(FR)C6 0.03 0. 04 0. 27 0. 03 0. 04 0. 27 
BSIOCO 3.34 3. 56 1. 51 3. 34 3. 56 1. 51 
BS10(FR)C6 1.41 1. 31 1. 32 1. 41 1. 31 1. 32 
BSllCO 1.25 1. 26 1. 65 1. 25 1. 26 1. 65 
BS11(FR)C6 -1.01 — 1 . 10 0. 99 -1. 01 -1. 10 0. 99 
L^S5, WLS5, LS3, and WLS3 indicate least squares and weighted least squares estimates based on 
five and three equations, respectively. 
L^S5 and WLS5, LS3 and WLS3 and standard errors for environments x genetic components are the 
same because the parent-offspring covariances provide no information relative to environments x 
genetic interactions. 
Table 19. Estimates of additive (o^ ), dominance (ojj), environments x additive (og^ ), and environ­
ments X dominance (o||)) components of variance and their standard errors (SE) for EARHT 
in the CO and C6 cycles of BSIO and BSll 
Method^  Method^  







BSIOCO 133, ,62 132, ,11 26, ,19 134. ,21 132, .19 29, .41 
BS10(FR)C6 94. 77 98. ,09 25, 43 102, ,48 102, .62 29, ,40 
BSllCO 248. 56 203, ,01 47. ,22 187. ,62 185, .55 55, ,70 
BS11(FR)C6 141. ,98 126, .46 33. ,88 110. ,15 112, ,54 39, ,85 
BSIOCO -10. 93 -53. 54 78. 60 -73. 31 -82. 52 94. 20 
BS10(FR)C6 63. 97 44. 69 80. 31 20. 69 20. 33 102. 14 
BSllCO -38. 32 37. 17 148. 60 86. 02 65. ,03 201. 97 
BS11(FR)C6 8. 23 46. 26 111. 72 138. 41 104. ,91 148. 46 
BSIOCO -1. 88 1. 72 12. 72 -1. 88 1. 72 12. 72 
BS10(FR)C6 9. 03 8. 52 11. 62 9. 03 8. 52 11. 62 
BSllCO 12. 58 10. 91 12. 20 12. 58 10. 91 12. 20 
BS11(FR)C6 6. 38 6. 08 10. 43 6. 38 6. 08 10. 43 
BSIOCO 32. 18 5. 27 51. 25 32. 18 5. 27 51. 25 
BS10(FR)C6 -19. 35 -15. 62 45. 82 -19. 35 -15. 62 45. 82 
BSllCO -20. 15 -8. 47 47. 30 -20. 15 -8. 47 47. 30 
BS11(FR)C6 -30. 25 -27. 98 41. 41 -30. 25 -27. 98 41. 41 
L^S5, WLS5, LS3, and WLS3 Indicate least squares and weighted least squares estimates based on 
five and three equations, respectively. 
L^S5 and WLS5, LS3 and WLS3, and standard errors for environments x genetic components are the 
same because the parent-offspring covariances provide no information relative to environments x 
genetic interactions. 
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^2  ~2 -2 
much larger in magnitude than estimates of '^ EA' °ED' Negative 
2^ ' - 2  
estimates were obtained for and for least-squares estimates of 
in BSIOCO. Negative estimates of a^ _ for EAKHT were obtained in 
BS10(FR)C6, BSllCO, and BS11(FR)C6. 
Table 20 contains estimated genetic variances for PLTHT in the CO 
2^ 
and C6 cycles of BSIO and BSll. All estimates of were significantly 
' • 2  "2  -2 greater than zero. Estimates of °EA' °ED ^ r^e all less than two 
times their standard errors. These estimates were also substantially 
" 2  
smaller than estimates of Weighted least-squares estimates were 
'2 "2  
negative for in BSIOCO, in the CO and C6 cycles of BSll, and 
in BS10(FR)C6. 
Estimates of genetic variances for TBN are presented in Table 21. 
" 2  Both three and five equation estimates of were significantly greater 
' •2  than zero in the CO and C6 cycles of BSIO and BSll. Estimates of 
0^ />2 
Og^ , and Cgg were not significantly different from zero, and were 
generally much smaller in magnitude than their corresponding estimates 
- 2  
of Estimates of were negative for BS10(FR)C6 and BSllCO. 
Negative estimates of were obtained for the CO cycles of both BSIO 
and BSll, and estimates of were negative for BS11(FR)C6. 
Heritability estimates, on a family mean basis, were estimated 
within each population using three methods (Table 22). Narrow-sense 
estimates were obtained from the ratio of additive genetic variance 
to the phenotypic variance. Heritabilities were also estimated by the 
ratio of the genotypic variance to the phenotypic variance among either 
full-sib families or S^  lines. Estimates that contained negative 
100 
"2  2^ 
Table 20. Estimates of additive (0^ ), dominance (àj)), environments x 
additive > and environments x dominance (C£Q) com­
ponents of variance and their standard errors (SE) for PLTHT 
in the CO and C6 cycles of BSIO and BSll 
Method 























































58.68 35.91 74.60 
-95.53 -81.58 48.33 
69.63 92.03 73.42 
62.26 71.76 68.75 
^LS and WLS indicate least squares and weighted least squares 
estimates, respectively. 
Table 21. Estimates of additive (Ô^), dominance (OD), environments x additive and environ­
ments X dominance (ogjj) components of variance and their standard errors (SE) for TBN 
in the CO and C6 cycles of BSIO and BSJl 
Component Population 
Method' 
LS5 WLS5 SK 
Method 
LS3 WLS3 SE 




BSIOCO 10.72 10.90 2.49 11. 14 11. 09 2. 79 
BS10(FR)C6 9.11 9.47 2.18 9. 75 9. 74 2. 43 
BSllCO 12.52 12.32 2.97 12. 27 12. 26 3. 26 
BS11(FR)C6 4.35 4.09 1.55 3. 86 4. 05 1. 76 
BSIOCO 3.91 1.88 7.68 0. 72 0. 45 9. 16 
BS10(FR)C6 4.64 -0.95 6.76 -3. 76 -4. 07 7. 96 
BSllCO 0.01 -0.28 9.31 -0, 58 -0, 59 10. 97 
BS11(FR)C6 5.31 5.26 5.27 7. 84 5. 36 6. 61 
BSIOCO -0.76 -0.56 0.84 -0. 76 -0. 56 0. 84 
BS10(FR)C6 0.34 0.71 1.14 0. 34 0. 71 1. 14 
BSllCO -0.51 -0.38 1.28 -0. 51 -0. 38 1. 28 
BS11(FR)C6 0.37 0.33 0.62 0. 37 0. 33 0. 62 
BSIOCO 2.61 1.14 3.30 2. 61 1. 14 3. 30 
BS10(FR)C6 3.50 0.65 4,45 3. 50 0. 65 4. 45 
BSllCO 8. 74 7.86 4.96 8, 74 7. 86 4. 96 
BS11(FR)C6 -4.11 -3.99 2.18 -4. 11 -3. 99 2. 18 
L^S5, WLS5, LS3, and WLS3 indicate least squares and weighted least squares estimates based on 
five and three equations, respectively. 
l^iS5 and WLS5, LS3 and WLS3, and standard errors for environments x genetic components are the 
same because the parent-offspring covariances provide no Information relative environments x 
genetic Interactions. 
Table 22. Heritability estimates and their standard errors for traits 
measured in the experiments conducted at Ames and Kanawha 
in 1983 and 1984* 
Population 
Trait Method^  BSIOCO BS10(FR)C6 
YIELD N 0.30 ± 0.14 0.23 ± 0.11 
FS 0.68 ± 0.22 0.67 ± 0.22 
0.90 ± 0.15 0.84 ± 0.15 
EPP N -9.52 ± -2.29 (0.74 ± 0.18) 0.86 ± 0.21 
FS 0.60 ± 0.24 (0.44 ± 0.18) 0.86 ± 0.22 
1^ 0.84 ± 0.15 (0.81 ± 0.15) 0.90 ± 0.15 
RTLG N -0.21 ± -0.13 (0.20 ± 0.12) 1.74 ± 0.70 
FS 0.22 ± 0.25 (0.09 ± 0.10) 0.23 ± 0.25 
1^ 0.31 ± 0.16 (0.24 ± 0.12) 0.52 ± 0.16 
STKLG N 0.58 ± 0.20 0.43 ± 0.18 
FS 0.60 ± 0.23 0.61 ± 0.23 
1^ 0.70 ± 0.15 0.64 ± 0.15 
SLKDT N 1.41 ± 0.30 (0.67 ± 0.14) 1.70 ± 0.35 
FS 0.82 ± 0.22 0.72 ± 0.23 
1^ 0.82 ± 0.15 0.86 ± 0.15 
EARHT N 1.32 ± 0.26 (0.86 ± 0.17) 0.62 ± 0.16 
FS 0.56 ± 0.24 0.72 ± 0.23 
1^ 0.89 ± 0.15 0.85 ± 0.15 
PLTHT N 0.85 ± 0.21 (0.84 ± 0.21) 0.68 ± 0.19 
FS 0.72 ± 0.23 0.87 ± 0.22 
1^ 0.91 ± 0.15 0.89 ± 0.15 
TBN N 0.75 ± 0.17 (0.73 ± 0.17) 0.89 ± 0.20 
FS 0.76 ± 0.22 0.61 ± 0.23 
=1 0.90 ± 0.15 (0.88 ± 0.15) 0.84 ± 0.15 
l^ELD and EPF were measured in all environments; RTLG and STKLG 
were measured in the experiments near Ames in 1983 and 1984, and near 
Kanawha in 1984; SLKDT, EARHT, PLTHT, and TBN were measured in the 
experiments near Ames in 1953 and 1984. 
N^, FS, and refer to narrow-sense heritability estimates, and 
estimates based on full—sib families and lines, respectively. 
E^stimates in parentheses were calculated by setting negative 
estimates of components of variance equal to zero. 
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Population 
BS10(FR)C6 BSllCO BS11(FR)C6 
(0.23 + 0.11)C 0.48 + 0.15 0.50 ± 0.16 
0.76 + 0.22 0.58 + 0.22 
0.88 + 0.15 0.86 + 0.15 
1.03 + 0.25 (0.83 ± 0.20) 0.66 + 0.18 
0.78 + 0.22 0.72 + 0.22 
0.87 + 0.15 0.84 + 0.15 
(0.48 + 0.19) 0.74 + 0.23 (0.62 ± 0.19) 0.35 + 0.16 (0.34 + 0. 16) 
(0.20 + 0.22) 0.72 + 0.22 0.44 + 0.24 
0.77 + 0.15 0.58 + 0.15 
0.43 + 0.16 (0.43 ± 0.16) 0.58 + 0.20 CO. 55 + 0. 20) 
0.68 + 0.22 0.52 + 0.23 
0.77 + 0.15 0.74 + 0.15 
(0.76 + 0.16) 1.62 + 0.34 (0.83 ± 0.17) 2.22 + 0.43 (0.92 + 0. 18) 
0.86 + 0.22 0.96 + 0.23 (0.89 0. 21) 
(0.86 + 0.15) 0.81 + 0.15 0.92 + 0.15 (0.90 0. 14) 
(0.59 + 0.15) 0.78 + 0.18 (0.77 ± 0.18) 0.70 + 0.19 (0.65 ± 0, .17) 
(0.71 + 0.23) 0.87 + 0.22 (0.86 ± 0.22) 0.84 + 0.22 (0.82 + 0. 22) 
0.89 + 0.15 0.89 + 0.15 (0.89 + 0, .15) 
(0.60 + 0.17) 0.55 + 0.17 (0.54 ± 0.17) 0.70 + 0.19 (0.69 + 0, .19) 
(0.81 + 0.21) 0.84 + 0.22 0.80 + 0.22 
0.86 + 0.15 0.89 + 0.15 
(0.81 ± 0.19) 0.71 ± 0.17 (0.69 ± 0.17) 
0.71 ± 0.23 
0.84 ± 0.15 
0.45 ± 0.17 (0.37 ± 0.14) 
0.86 ± 0.22 (0.79 ± 0.20) 
0.78 ± 0.15 (0.74 ± 0.14) 
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components of variance were calculated either by leaving negative 
components at their estimated value or by setting negative components 
equal to zero. 
Because of negative variance components, many narrow-sense 
heritability estimates were unrealistic; i.e., negative and/or greater 
than one. Setting negative components equal to zero resulted in all 
heritability estimates being positive in sign, and less than unity. 
Estimates of narrow-sense heritability were generally relatively small 
(below 0.60) for YIELD, RTLG, and STKLG. Intermediate values of 
narrow-sense heritability estimates (between 0.60 and 0.75) were 
obtained for EPP, EARHT, and PLTHT. Generally, narrow-sense herita-
bilities were greater than 0.75 for SLKDT. Estimates of narrow-sense 
heritabilities for TBN ranged from 0.37 to 0.89. 
Heritability estimates based on genotypic components of variance 
were larger than narrow-sense heritabilities in most cases, because 
either the genotypic variance components was larger than the estimate 
of a^ , or the phenotypic variance among full-sib families or lines 
was less than the phenotypic variance calculated from genetic components 
of variance. In nearly every instance, heritabilities estimated from 
the variance among lines were larger than estimates based on the 
variance among full-sib families. However, the 95% confidence intervals 
of the two types of heritability estimates within a population overlapped. 
For all traits except RTLG, heritability estimates based on genotypic 
components of variance ranged from 0.52, based on full-sib families for 
STKLG in BS11(FR)C6 to 0.96 for SLKDT, which was also based on full-sib 
families in BS11(FR)C6. 
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DISCUSSION 
Effectiveness of the Population Improvement 
Phase of Reciprocal Full-Sib Selection 
Recurrent selection methods have proved effective in modifying 
the performance of quantitatively inherited traits both within and 
between populations. Reciprocal full-sib selection is a breeding 
method that provides for the improvement of two populations and their 
population cross, and the extraction of inbred lines from these 
populations. This method has been shown to be effective in achieving 
these goals in maize. (Hallauer, 1973, 1984; Obilana et al., 1979). 
In the present study, correlated responses to reciprocal full-sib 
selection for yield in BSIO and BSll were found among full-sib families 
and S^  lines for all traits. The only nonsignificant CO vs C5 cycle 
comparison was found among full-sib families in BSIO for RTLG. 
Among full-sib families mean YIELD increased 6.3% from BSIOCO to 
BS10(FR)C6, or 1.05% per cycle, and 5.7% from BSllCO to BS11(FR)C6, or 
0.95% per cycle. These gains in YIELD were markedly less than those 
reported in BSIO and BSll by Hallauer (1973), Obilana et al. (1979), 
and Lantin and Hallauer (1981). Gains in YIELD among S^  lines from 
the CO to C6 cycles were 1.93 and 4.38% per cycle in BSIO and BSll, 
respectively. In agreement with results observed among full-sib 
families, YIELD gains among S^  lines were less than those observed by 
Lantin and Hallauer (1981). Discrepancies in response to selection 
between studies may be attributable to several factors: sampling 
errors, decreased genetic variability in populations of advanced 
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cycles of selection, inbreeding depression, and interactions between 
environments and genotypes. 
It is doubtful that inadequate sampling of reference populations 
was responsible for reduced response to selection observed in this 
experiment. Fifty full-sib families and 100 lines were developed 
from randomly chosen parents within each reference population evaluated. 
Examination of Tables 6 and 7 shows a sizeable range in YIELD values 
both among full-sib families and lines within each population. 
Frequency distributions of lines (Figures 1 and 2) also indicate 
that reference populations were adequately sampled. 
Genotypic components of variance (Table 9) and estimates of 
(Table 14) for YIELD generally tended to decrease in magnitude from 
the CO to C6 cycles for all populations. However, in all cases the 
95% confidence intervals between CO and C6 cycles, within a population, 
overlapped, suggesting that there has been little, if any actual change 
in the magnitudes of these variances. Lantin and Hallauer (1981) 
concluded that genetic variability for YIELD was unchanged from the 
CO to C4 cycles of BSIO and BSll. 
Inbreeding depression may have played a role in the limited 
response to selection observed in this study. Mulamba et al. (1983) 
found that observed changes in genetic variances in the improved Krug 
population of maize (BSK) agreed with predicted changes if N^ , the 
effective population size, was approximately the same as N, the number 
of individuals recombined. 
The coefficient of inbreeding in the nth cycle of selection (F^ ) 
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was calculated by (Falconer, 1981) : 
= 1/2N + [1 - (l/2N)]F^ _i . 
Because 24 and 18 lines from BSIOCO and BSllCO, respectively, were 
recombined to form the CI populations, and 20 lines within each 
population were recombined to form the C2 through C6 populations, the 
inbreeding coefficients of BS10(FR)C6 and BS11(FR)C6 were 0.137 and 
0.143, respectively. Multiplying these values by the YIELD decrease 
per 1% decrease in heterozygosity calculated from data in Tables 6 and 
7, expected YIELD decreases due to inbreeding depression would be 
between 0.42 and 0.46 Mg/ha in BS10(FR)C6, and between 0.47 and 0.63 
Mg/ha in BS11(FR)C6. 
Interactions between environments and genotypes may have contributed 
to disagreement in response to selection observed in different 
experiments. Selection of progenies recombined to form the C2 through 
C6 populations was based on evaluation at several locations in a single 
year. Thus, parents were selected for performance in only one year, 
and their performance would be expected to differ among years. 
Inbreeding depression for YIELD, following one generation of self 
pollination, was reduced from the CO to C6 cycles of both BSIO and 
BSll (Table 8). The reduction observed from BSllCO to BS11(FR)C6 was 
statistically significant. Reduced inbreeding depression in populations 
from advanced cycles of selection supports the hypothesis that reciprocal 
full-sib selection was effective in increasing the frequencies of 
dominant favorable alleles in BSIO and BSll. Lantin and Hallauer (1981) 
also found inbreeding depression was reduced following four cycles of 
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reciprocal full-sib selection in BSIO and BSll. 
The greater response to selection exhibited among lines in 
BSll, and the greater reduction in inbreeding depression observed from 
BSllCO to BS11(FR)C6 suggests that either frequencies of favorable 
alleles were lower in BSllCO than in BSIOCO, or selection in BSll was 
more effective than in BSIO. 
Increases in mean EPP values, in response to reciprocal full-sib 
selection for YIELD, were found both among full—sib families and S^  
lines from the CO to C6 cycles of BSIO and BSll (Tables 6 and 7). 
Increased EPP values resulted from indirect selection pressure for 
prolificacy placed on BSIO and BSll by the requirement of two seed 
bearing ears on plants involved in reciprocal full-sib selection. 
Similar increases in EPP in response to reciprocal full-sib selection 
were noted by Lantin and Hallauer (1981). 
Negative values of inbreeding depression for EPP in BS10(FR)C6 and 
BS11(FR)C6 were observed (Table 8), indicating greater EPP among S^  
lines than among full-sib families. Similar results were found in the 
CO and C4 cycles of BSIO and BSll (Lantin and Hallauer, 1981). Good 
and Hallauer (1977) reported increased prolificacy upon inbreeding in 
Iowa Stiff Stalk Synthetic. Harris et al. (1976) concluded that the 
potential for prolificacy was conditioned by recessive genetic 
conditions. It was suggested by Sorrells et al. (1979) that most of 
the genetic variation for ear number in several maize populations was 
controlled by a single locus, or several linked loci. 
Hallauer (1974) studied the inheritance of prolificacy in maize 
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using crosses between inbred lines having known differences for the 
number of ears per plant. Estimates of heritability for ear number 
and an ear-number weight index were quite variable, both among crosses 
and among plant population densities. Pooled over plant population 
densities and crosses, heritability estimates for the ear-number 
weight index and number of ears per plant were 0.27 and 0.24, 
respectively. It was concluded that prolificacy fit the description 
of a threshold trait, because genetic and environmental effects 
appeared to be continuous, while the phenotypic expression was discrete. 
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Examination of genotypic variance components and estimates of 
for EPF (Tables 9 and 15) suggest that genetic variance for EPP has 
increased from BSIOCO to BS10(FR)C6, while remaining unchanged from 
the CO to C6 cycles of BSll. 
Mean RTLG values were generally low (Tables 6 and 7). Increased 
RTLG was found among full-sib families and lines from BSIOCO to 
BS10(FR)C6. At both inbreeding levels, RTLG values decreased from the 
CO to C6 cycles of BSll. Lack of consistent response of RTLG is not 
surprising due to the unpredictable environments involved in the 
expression of RTLG. Occurrence of RTLG is often highly localized, and 
selection for RTLG resistance based on unreplicated plots in the 
breeding nursery is usually not effective. 
Significant reductions in mean STKLG values were observed from the 
CO to C6 cycles of BSIO and BSll at both inbreeding levels (Tables 6 
and 7). Improved resistance to STKLG resulted both from conscious 
selection among full-sib progenies, and the implementation, after the 
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first cycle of selection, of machine harvesting of yield trials. Ears 
on broken stalks are often missed during machine harvesting, reducing 
YIELD of lodged plots. Improved resistance to STKLG and RTLG in 
BS10(FR)C6 and BS11(FR)C6 was also reported by Hallauer (1984). 
Mean STKLG values of BSIO and BSll (Tables 6 and 7) seemed higher 
than in many single-eared populations, which is consistent with the 
photosynthetic stress-translocation balance hypothesis proposed by Dodd 
(1977). A photosynthetic sink may divert carbohydrates from root and 
stalk cells causing their premature senescence. Such individuals are 
predisposed to invasion of stalk rot pathogens through their roots. 
The greater photosynthetic sink provided by more than one ear may be 
partially responsible for the relatively higher STKLG values in BSIO 
and BSll, when compared to single-eared populations. 
Inbreeding depression for RTLG and STKLG decreased from BSIOCO to 
BS10(FR)C6 (Table 8). In contrast, increased inbreeding depression 
for RTLG and STKLG was observed from the CO to C6 cycles of BSll. 
Although several estimates of genotypic variance components and 
additive genetic variance for RTLG in BSIOCO and BS10(FR)C6 were not 
significantly different from zero (Tables 9 and 16), a consistent trend 
for increased magnitudes of these estimates from BSIOCO to BS10(FR)C6 
was observed. Estimates of genotypic variance components and additive 
genetic variance for RTLG decreased from BSllCO to BS11(FR)C6. 
Genotypic and additive genetic variance estimates for STKLG were 
significantly different from zero (Tables 9 and 17). Among full-sib 
families, estimates of genotypic components of variance for STKLG were 
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similar in BSIOCO and BS10(FR)C6. A decrease in the magnitude of 
genotypic variance components for STKLG among full-sib families, from 
BSllCO to BS11(FR)C6 was observed. However, the 95% confidence 
intervals of the two populations did overlap. Genotypic variance 
components among lines, and estimates of additive genetic variance 
for STKLG responded similarly to reciprocal full-sib selection. Both 
types of estimates decreased in size from the CO to C6 cycles of BSIO 
and BSll. 
Among full-sib families and S^  lines mean SLKDT values were 
unchanged from BSIOCO to BS10(FR)C6. Reductions in SLKDT of approxi­
mately 2.0 and 2.5 days were found among full-sib families and S^  lines, 
respectively, from the CO to C6 cycles of BSll CTables 6 and 7). The 
reduction in SLKDT from BSllCO to BS11(FR)C6 was a result of nicking 
between the earliest plants in BSll and a more representative sample 
of plants from BSIO when developing reciprocal full-sib progenies for 
testing. Lantin and Hallauer (1981) reported significant reductions in 
SLKDT from the CO to C4 cycles of BSIO and BSll. They also reported a 
significant decrease in SLKDT among lines from BSllCO to BS11(FR)C6. 
Values of inbreeding depression for SLKDT were negative, reflecting 
the later flowering of S^  lines (Table 8). Both BS10(FR)C6 and 
BS11(FR)C6 showed less inbreeding depression than their respective CO 
populations. The reduction in inbreeding depression for SLKDT from 
BSllCO to BS11(FR)C6 was statistically significant. These results 
suggest that genes for early SLKDT are dominant, and that six cycles of 
reciprocal full-sib selection has increased the frequency of those 
alleles in BSll. 
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Genotypic variance components among full-sib families for SLKDT 
decreased from BSIOCO to BS10(FR)C6, and also from BSllCO to BS11(FR)C6 
(Table 9). Among lines, genotypic components of variance for SLKDT 
decreased from the CO to C6 cycles of BSIO, and increased from BSllCO 
to BS11(FR)C6 (Table 9). Estimates of additive genetic variance for 
SLKDT decreased in size from BSIOCO to BS10(FR)C6 and increased from 
BSllCO to BS11(FR)C6 (Table 18). In all cases, however, the 95% 
confidence intervals of estimates in the CO and C6 cycles within a 
population overlapped. 
The traits EARHT and PLTHT responded similarly to selection both 
among full-sib families and S^  lines (Table 6 and 7). At both 
inbreeding levels EARHT and PLTHT were essentially unchanged from the 
CO to C6 cycles of BSIO. A decrease of about 10 cm was found for both 
EARHT and PLTHT among full-sib families and S^  lines from BSllCO to 
BS11(FR)C6. The close relationship between EARHT and PLTHT is not 
surprising because factors such as internode length, or number of 
internodes, would affect both traits. 
Inbreeding depression for EARHT and PLTHT was reduced from the CO 
to C6 cycles of both BSIO and BSll (Table 8). Significant reductions 
were found from BSIOCO to BS10(FR)C6 for EARHT, and from the CO to C6 
cycles of both populations for PLTHT. These results suggest that 
alleles for increased PLTHT and EARHT are dominant over those for 
reduced PLTHT and EARHT. 
Estimates of genotypic components of variance among full-sib 
families for EARHT and PLTHT increased from the CO to C6 cycles of 
113 
BSIO, and decreased from BSllCO to BS11(FR)C6. Among lines, 
genotypic variances for EARHT decreased from the CO to C6 cycles of 
both BSIO and BSll. For PLTHT, genotypic variances decreased from 
BSIOCO to BS10(FR)C6 and increased slightly from BSllCO to BS11(FR)C6 
(Table 9). 
At both inbreeding levels mean TBN increased slightly from BSIOCO 
to BS10(FR)C6. Among full-sib families, mean TBN decreased by 4.9 
branches from BSllCO to BS11(FR)C6, and among S^  lines a decrease in 
TBN of 3.8 branches was observed from the CO to the C6 cycle of BSll 
(Tables 6 and 7). Negative associations between YIELD and TBN of maize 
were reported by Buren et al. (1974) and Fakorede and Mock (1978). 
Results of both studies suggested that hybrids tolerant of higher plant 
population densities were characterized by smaller tassels. It was 
hypothesized that population density tolerance of smaller tasseled 
hybrids may be due to reduced interception of incoming light by tassels, 
or reduced competition between tassel and ear primordia for 
photosynthate. 
Inbreeding depression for TBN increased from BSIOCO to BS10(FR)C6, 
but decreased significantly from BSllCO to BS11(FR)C6 (Table 8). Mock 
and Schuetz (1974) reported that higher TBN was dominant to lower TBN. 
However, they also concluded that the expression of dominance for TBN 
was genotype dependent. 
Estimates of genotypic variance components and additive genetic 
variance for TBN responded similarly to reciprocal full-sib selection 
(Tables 10 and 21). Decreases in genetic variability were indicated 
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from the CO to C6 cycles of BSIO and BSll. Among full-sib families, the 
decrease in genotypic variability between BSllCO and BS11(FR)C6 appeared 
to be substantially less than among lines, or estimates of additive 
variance. 
Effects of Reciprocal Full-Sib Selection on Genotypic 
and Environments x Genotypic Components of Variance, 
and Genetic and Environments x Genetic Variances 
Genotypic components of variance among full-sib families were 
always smaller than corresponding variance components among Sj^  lines 
which is consistent with the genetic expectations of the two types of 
estimates (Tables 9 and 10). Magnitudes of genotypic variance com­
ponents among full-sib families and genotypic components of covariance 
between full-sib families and S^  lines were generally similar (Tables 9, 
10, 11, and 12). This was expected, because the variance among full-sib 
families is equal to (l/2)a^  + (l/4)a~, while the covariance between 
'•2 full-sib families and lines is equal to (l/2)a^ „. The only major 
discrepancy between estimates of the variance among full-sib families 
and the covariance between full-sib families and S^  lines was for YIELD, 
primarily in BSIOCO and BS10(FR)C6. 
Parent-offspring covariances were estimated for SLKDT, EARHT, and 
TBN. In general, magnitudes of parent-offspring covariances were similar 
to estimates with similar genetic expectations (Table 13). 
Estimates of genotypic components of variance among full-sib 
families and S^  lines, within each population, were greater than two 
times their standard errors for all traits except RTLG (Tables 9 and 10). 
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For this trait only the BSllCO estimate among full-sib families, and the 
BS10(FR)C6, BSllCO, and BS11(FR)C6 estimates among lines were 
significantly different from zero. 
Among estimates of the genotypic covariance between full-sib 
families and lines for YIELD, only the estimate within BSllCO was 
significantly different from zero. For RTLG, estimates of the genotypic 
covariance between full-sib families and S^  lines were not significantly 
different from zero within either BSIOCO or BS10(FR)C6. Within BSllCO 
the estimated genotypic covariance between full-sib families and S^  
lines was not significantly different from zero (Tables 11 and 12). 
Covariances between SQ plants and full-sib families were signifi­
cantly different from zero for SLKDT in BSllCO, for EARHT in the CO 
cycles of BSIO and BSll, and for TEN in BS10(FR)C6 (Table 13). For SLKDT 
in BSIOCO and BS10(FR)C6, the covariance between S^  individuals and S^  
lines was not significantly different from zero (Table 13). 
Generally, environments x genotypic components of variance and 
covariance were considerably smaller in magnitude than their correspond­
ing genotypic components (Tables 9, 10, 11, and 12). These results 
suggest that genetic variation for the traits evaluated exists in the 
populations included in this study, and that selection for 
these traits should be effective. Although environments x genotypic 
components of variance and covariance were small relative to their main 
effects, significant environments x genotypes mean squares (Table 5) 
indicate that these traits should be evaluated over several environments. 
Nearly 36% of the environments x genotypic components of variance and 
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covariance were negative. Several negative estimates were 
significantly different from zero. 
-2. Estimates of were greater than two times their standard 
errors, within each population for all traits except RTLG, which was 
not significantly different from zero in BSllCO (Tables 14-21). 
Generally, estimates of â^ , and were less than twice their 
standard errors for all traits in all populations. However, estimates 
of Og^  were significantly greater than zero in BSIOCO for RTLG and 
STKLG. Estimates of were significantly greater than zero in BSIOCO 
for EPP, RTLG, and SLKDT. For RTLG, estimates of were also signifi­
cantly different from zero in the CO and C6 cycles of BSll. 
->2 -2. 
The magnitudes of and were generally substantially larger 
than and 0^ ,^ suggesting that estimates of 5^  and were relatively 
unchanged in either ranking or magnitude across environments. Exceptions 
to this generalization were observed within various populations for 
RTLG, STKLG, EPP, and PLTHT. 
Hallauer and Miranda (1981) summarized average estimates of and 
5^  in maize, and reported that ranged from 1.7 times as large as 5^  
'2 for YIELD to 13.8 times as large as for EARHT. These findings are in 
agreement with results of this study for EPP, RTLG. STKLG, SLKDT, EARHT, 
and PLTHT. In contrast, estimates of were larger than estimates of 
0^  for YIELD in BSIOCO and BS10(FR)C6 (Table 14), and for TBN in 
BS11(FR)C6 (Table 13). 
" 1  -2 
One-third of all weighted least squares estimates of and 
ôgg obtained in this study were negative. Two of the negative estimates 
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were significantly different from zero. The occurrence of negative 
estimates of variance components is somewhat disturbing because by 
definition a variance is always positive. Searle (1971) indicated that 
there is nothing intrinsic to the analysis of variance to prevent 
negative estimates from occurring. 
Negative estimates of variance components can arise because of 
several factors, including inadequate genetic or statistical models, 
inadequate sampling of reference populations, and inadequate experimental 
techniques. Some of the assumptions made in translating components of 
variance to their genetic expectations were described previously. The 
most difficult assumptions to fulfill were that reference populations 
were in linkage equilibrium, and that progenies evaluated represented 
the reference populations adequately. In the present experiments, all 
reference populations were random mated at least once before progenies 
were developed for evaluation. Although close linkages would not be 
greatly affected, random mating should have brought the reference 
populations closer to linkage equilibrium. Assortative mating may have 
occurred during the development of experimental progenies. A wide 
range of pollination dates was observed in the breeding nursery, and 
it is likely that early plants were mated with other early plants, 
while late plants were mated with other late plants. A high frequency 
of negative estimates of were reported in maize by Lindsey et al. 
(1961). They attributed the occurrence of negative estimates of to 
assortative mating during development of experimental progenies and 
obtained evidence supporting this hypothesis. 
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Inadequate sampling of reference populations may have played a role 
in negative estimates of variance components obtained in this study. 
Each reference population evaluated was represented by 50 full-sib 
families and 100 lines. Kearsey (1970) studied the size of experi­
ments necessary to detect dominance variance, and concluded that in 
most situations the minimum experimental size was too large to make 
comparisons among populations feasible. 
Means and coefficients of variation indicated that experimental 
techniques used in this study were good. The restricted randomization 
used to avoid competition between full—sib families and lines may 
have influenced the occurrence of negative variance components. Nelder 
(1954) indicated that with split-plot designs, negative estimates of 
variance components could arise when the correlation between subplots in 
the same whole plot is less than the correlation between subplots in 
different whole plots. Such a situation may have occurred in this 
study, because whole plots were inbreeding levels and subplots were 
entries within inbreeding levels. Each full-sib family and the two 
lines derived from the same parents were in different whole plots, while 
entries within inbreeding levels, in the same whole plots, were 
unrelated. Thus, correlations between subplots in the same whole plot 
may have been less than the correlation between subplots in different 
whole plots. 
Estimation of variance components was reviewed by Searle (1971). 
He described several courses of action available to researchers when 
negative estimates were encountered, but indicated that few of them 
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provided satisfactory results. 
When negative estimates of variance components are obtained, they 
can be reported, and interpreted as if the true value of the component 
is zero or some small positive quantity. Problems are encountered if 
the sum of several components is calculated, because the sum with the 
negative estimates is less than the sum without the negative estimate. 
Negative estimates of variance components interpreted as zero can 
be set equal to zero. However, this is unsatisfactory due to negative 
correlations between components of variance. Setting a negative 
component equal to zero corrects for the underestimation of that 
component, but does nothing to correct for overestimation of other 
components. In this case, the negative component interpreted as zero 
should be ignored, and other components reestimated from a reduced model. 
An improper statistical model may be indicated by negative estimates 
of variance components. When a statistical model is developed, care 
must be taken in determining whether effects are fixed or random, and 
what inferences can be drawn from the results. 
It is possible to estimate components of variance by methods other 
than the analysis of variance method. Some of these estimation methods 
are, by definition, nonnegative. However, generally these methods 
require assumptions not required by the analysis of variance. The 
validity of these assumptions and the consequences of failure to meet 
them must be considered. 
A final option available to the researcher with negative estimates 
of variance components is to obtain more data. These data can then be 
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analyzed separately, or pooled with previous data. If negative 
estimates of variance components are still obtained, this can be taken 
as evidence that the true value of a negative estimate is either zero or 
a small positive quantity. 
The magnitudes of total genetic variance (5^ ), ô^ , and are all 
dependent on gene frequencies. Response to selection results from 
changes in gene frequencies. Thus, the magnitudes of ô^ , and 
would be expected to change in response to selection. Considering a 
one locus, two allele model with complete dominance (Falconer, 1981), 
- 2  
ag will be maximum when p, the frequency of the favorable allele, is 
approximately 0.29. Maximum values of and will occur when p = 
0.25 and 0.50, respectively. Changes in genetic variability are 
influenced by several factors, including selection intensity, initial 
amounts of actual and potential variability, linkage disequilibrium, and 
rates of recombination (Hallauer and Miranda, 1981). 
Moll and Robinson (1966) concluded that was unchanged after 
four to six cycles of full-sib family recurrent selection in the maize 
populations CI21 x NC7, Jarvis, and Indian Chief. Their data also 
* 2  * 2  indicated that genetic variance (a^  + cr^ )^ in the reciprocal populations 
formed by crossing the maize varieties Jarvis and Indian Chief increased 
following the first cycle, and was maintained in the next three cycles 
of a reciprocal recurrent selection program. 
Decreases in for yield and date of flowering following one cycle 
of test-cross and of full-sib family selection in the maize population 
Krug Yellow Dent were reported by da Silva and Lonnquist (1968). They 
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also found that changes in magnitudes of 5^  were different for the two 
selection methods. Hallauer and Miranda (1981) summarized estimates of 
variance components from populations that had undergone seven or more 
cycles of recurrent selection at Iowa State University. A general 
trend in the magnitudes of genetic variances was found in all 
populations. The variance among progenies was greatest in the original 
and CI populations, and smallest in the second through fourth cycles of 
selection. Following the fourth cycle of selection, genetic variances 
have tended to increase. These trends in magnitudes of genetic 
variances were partially attributed to several factors. Progenies in 
the first two cycles of selection were tested in fewer environments, 
and genetic variances may have been biased upward by environment x 
genotype interactions. The C2 through C4 progenies were often tested 
under dry conditions which would reduce genetic variation. Since 1970, 
test plots have been mechanically harvested with no gleaning, which would 
increase genetic variance for yield because harvestable yield is also 
influenced by resistance to stalk lodging and ear droppage. 
For most traits evaluated in this study, weighted least-squares 
estimates of showed some decrease in magnitude from the CO to C6 
cycles of BSIO and BSll (Tables 14-21). However, increases in the 
'2 
magnitude of were observed for EPF and RTLG from BSIOCO to BS10(FR)C6, 
and for PLTHT from the CO to C6 cycles in BSll. Generally, estimates of 
tended to increase in magnitude from the CO to C6 cycles of BSIO and 
BSll. Decreases in the magnitude of were observed for RTLG and TBN 
from the CO to C6 cycles of BSIO and for YIELD, STKLG, and PLTHT from 
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BSllCO to BS11(FR)C6. Because the 95% confidence limits of estimates 
from the CO and C6 cycles overlapped in many cases, apparent changes in 
estimates of genetic variance may have been the result of sampling. IE 
changes in genetic variances have occurred, they have been small. 
Considering the two allele models with complete dominance 
- 2  " 2  described previously, would decrease in magnitude and would 
increase in magnitude when the frequency of the favorable allele is 
between 0.25 and 0.50. Traits with genetic variances appearing to follow 
this trend include YIELD, STKLG, SLKDT, EAEHT, and PLTHT in BSIO, and 
EPF, RTLG, EAEHT, and TBN in BSll. When both a" and increase in 
magnitude, the frequency of the favorable allele is between zero and 
0.25. Both EPP in BSIO and SLKDT in BSll appeared to follow this trend. 
The same model suggests frequencies of the favorable allele between 0.50 
" 2  ' 2  
and 1.0 when both and are decreasing in magnitude. Traits 
appearing to follow this trend include TBN in BSIO and YIELD and STKLG 
in BSll. The traits RTLG in BSIO and PLTHT in BSll appeared to have 
increases in magnitudes of a", while decreased, suggesting that the 
frequency of the favorable allele was between 0.25 and 0.50, and that 
frequency was being reduced by selection. It is important to remember 
that models such as the one described previously represent simplifica­
tions of complex biological systems. This must be borne in mind when 
drawing conclusions from such models. 
Generally, good agreement was found between estimates of and the 
" 2  
variance among S^  ^lines minus (1/4)0^ . Close agreement between the two 
values suggests that either there is no dominance, or gene frequencies 
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are near 0.50. However, several of the simultaneous equations whose 
~2 -2 
solutions provided estimates of and were biased, to an unknown 
extent because of failure to meet the assumptions that either d = 0 or 
p = q = 0.5. The extent that these biases influenced estimates of 5^  
in unknown. Both Jan-om et al. (1976) and Lothrop et al. (1985) 
-2  
reported that was greater than the variance among lines in 
sorghum, suggesting that gene frequencies were not 0.5 and/or d # 0. 
Heritability estimates reflect the magnitudes of components of 
variance. Estimates of heritabilities obtained in this study followed 
trends in magnitudes of variance components described previously (Table 
22). Magnitudes of the several types of estimates were consistent with 
genetic expectations of the components making up an estimate. For all 
traits, the magnitude of heritability estimates indicates that selection 
within a population for that trait should be successful. 
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SUMMARY AND CONCLUSIONS 
Fifty full—sib families and 100 S^  lines were developed within 
each of the maize populations BSIOCO, BS10(FR)C6, BSllCO, and 
BS11(FR)C6. Within each population, reciprocal crosses were made 
between pairs of prolific plants. Each plant was also self-pollinated 
on another ear. Seed of reciprocal crosses between pairs of plants 
was bulked, resulting in twice as many lines as full-sib families. 
The progenies were evaluated in experiments conducted near Kanawha 
and Ames in 1983 and 1984. 
One objective of this research was to determine correlated 
responses to six cycles of reciprocal full-sib selection for yield in 
BSIO and BSll. Mean YIELD among full-sib families and lines 
increased significantly from the CO to C6 cycles of BSIO and BSll. 
Observed increases in YIELD among full-sib families were 1.05 and 0.95% 
per cycle in BSIO and BSll, respectively. Among S^  lines, YIELD 
increases of 1.93% per cycle in BSIO, and 4.38% per cycle in BSll were 
detected. Rates of increase of YIELD in response to selection were 
less than these observed in other evaluations of reciprocal full-sib 
selection in BSIO and BSll. These discrepancies may be attributable to: 
sampling errors, decreased genetic variability in populations of 
advanced cycles of selection, inbreeding depression, and environments 
X genotypes interactions. 
Mean EPF increased significantly among full-sib families and S^  
lines from the CO to C6 cycles of BSIO and BSll. Increases in EPF 
resulted from indirect selection pressure for prolificacy provided by 
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reciprocal full-sib selection. Among full-sib families, mean EPP 
increased by 13.6 and 12.0% from the CO to C6 cycles of BSIO and BSll, 
respectively. Increases in EPP of 20.0% from BSIOCO to BS10(FR)C6, 
and of 21.6% from BSllCO to BS11(FR)C6 were detected among lines. 
Responses of RTLG to reciprocal full-sib selection were variable. 
Among full-sib families and lines, mean RTLG values increased from 
BSIOCO to BS10(FR)C6, and decreased from BSllCO to BS11(FR)C6. In all 
populations, actual changes in mean RTLG values were small. 
Significant decreases in mean STKLG values were detected among 
full-sib families and S^  lines from the CO to C6 cycles of BSIO and 
BSll. Among full-sib families, STKLG decreased 30.0 and 22.7% from the 
CO to C6 cycles of BSIO and BSll, respectively, while among S^  lines, 
decreases of 26.0 and 24.8% were detected from the CO to C6 cycles of 
BSIO and BSll, respectively. 
Mean SLKDT values were unchanged among either full-sib families or 
S^  lines from BSIOCO to BS10(FR)C6. Among full-sib families in BSll, 
mean SLKDT decreased approximately 2.0 days from the CO to Co cycles, 
and among S^  lines a decrease in mean SLKDT of approximately 2.5 days 
was detected from BSllCO to BS11(FR)C6. 
Among full-sib families, both EARHT and PLTHT values decreased from 
the CO to C6 cycles of BSIO and BSll. Small increases in mean EARHT and 
PLTHT values were detected among S^  lines from BSIOCO to BS10(FR)C6. 
From the CO to C6 cycles of BSll both EARHT and PLTHT values decreased 
by 9 to 10 cm among S^  ^lines. 
At both inbreeding levels mean TBN values showed slight increases 
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from BSIOCO to BS10(FR)C6. Significant decreases in mean TEN of 22.1 
and 19.5% were detected among full-sib families and lines, 
respectively, from the CO to C6 cycles of BSll. 
Generally, the amount of inbreeding depression observed following 
one generation of self-pollination was reduced, supporting the 
hypothesis that reciprocal full-sib selection has been effective in 
increasing the frequencies of favorable alleles at loci controlling a 
trait. Significant reductions in the amount of inbreeding depression 
from the CO to C6 cycles of BSIO were detected for EABHT and PLTHT. 
From BSllCO to BS11(FR)C6, significant reductions in inbreeding 
depression were noted for SLKDT, PLTHT, and TBN. A highly significant 
reduction in inbreeding depression for YIELD was detected from BSllCO 
to BS11(FR)C6. 
Another objective of this research was to determine changes in the 
magnitudes of additive and nonadditive genetic variances in response to 
reciprocal full-sib selection. Due to the large standard errors 
inherent to estimates of genetic variances, conclusive evidence of 
changes in the magnitudes of such estimates was not obtained. However, 
several trends emerged from these data. Weighted least squares 
estimates of a^  generally showed some decrease in magnitude from the CO 
/\2 to C6 cycles of BSIO and BSll. Magnitudes of estimates of tended to 
increase from BSIOCO to BS10(FR)C6 for EPF and RTLG, and for PLTHT from 
BSllCO to BS11(FR)C6. Estimates of tended to increase from the CO 
to C6 cycles of BSIO and BSll. Exceptions to this trend were the 
apparent decreases in the magnitude of for RTLG and TBN from BSIOCO 
127a 
to BS10(FR)C6, and for YIELD, STKLG, and PLTHT from the CO to C6 
cycles of BSll. 
2^ A high frequency of negative estimates of and environments x 
genotypic variances were obtained. However, most negative estimates 
were not significantly different from zero, suggesting that the true 
value of negative estimates was zero, or some small positive quantity. 
Negative estimates may also have been due to inadequate sampling of 
reference populations, assortative mating during development of the 
progenies evaluated, or the method of restricted randomization used 
in evaluating progenies with two different levels of inbreeding. It 
is suggested that future estimates of and be obtained using more 
conventional mating designs such as the design I or design II, 
preferably with all progenies at the same level of inbreeding. 
Estimates of heritabilities on a family mean basis were calculated 
for the traits evaluated. Narrow-sense heritabilities, and herita­
bilities based on genotypic components of variance were estimated. 
Estimates for all traits were generally of sufficient magnitude to 
indicate that selection for that trait in BSIO and BSll would be 
successful. 
Six cycles of reciprocal full-sib selection resulted in changes, in 
the desired direction, of population means for most traits evaluated in 
this study. Rates of change in population means seemed less than those 
observed in other evaluations of the population improvement phase of 
reciprocal full-sib selection in BSIO and BSll. Significant changes in 
. 9 2^ the magnitudes of and were not detected, indicating that genetic 
127b 
variability is being maintained and that response to future cycles of 
reciprocal full-sib selection would be expected. 
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APPENDIX A. ANALYSES OF VARIANCE, FULL-SIB FAMILY AND S^  LINE MEANS, 
MINIMUM AND MAXIMUM VALUES, AND RANGES OF TRAITS FOR 
INDIVIDUAL ENVIRONMENTS 
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Table Al. Analyses of variance pooled over sets, means, and 
coefficients of variation (CV) for traits measured in the 
experiment conducted at Kanawha in 1983 
Mean squares 
Source of variation df STAND YIELif EPP^  
Sets (S) 9 5. 88 925. 08* 11. 82 
Replications/S 10 2. 12* 276. 63** 7. 22** 
Inbreeding levels (F) 1 18. 55** 72582. 88** 0. 21 
S X F 9 0. 78 97. 24 1. 32 
Error (a) 10 1. 03 23. 76 2. 51 
Entries/F/S 580 1. 43** 156. 64** 8. 73** 
Among Full-sib families 190 1. 12 121. 88** 5. 35** 
BSIO vs BSll 10 1. 14 137. 35** 10. 47** 
BSIOCO vs BS10(FR)C6 10 1. 19 119. 87* 9. 81** 
Among BSIOCO 40 0. 89 103. 39** 0. 74 
Among BS10(FR)C6 40 1. ,34 88. 68* 5. 30** 
BSllCO vs BS11(FR)C6 10 0. ,53 217. 50** 15. 17** 
Among BSllCO 40 1. ,27 166. 06** 5. 72** 
Among BS11(FR)C6 40 1. 12 102. 11** 4. 78** 
Among S^  lines 390 1. ,58** 173. ,57** 10. 38** 
BSIO vs BSll 10 3. 80** 317. ,87** 10. 72** 
BSIOCO vs BS10(FR)C6 10 0. 91 228. ,50** 42. 29** 
Among BSIOCO 90 1, .49 172. 36** 4. ,20** 
Among BS10(FR)C6 90 1. 39 112. 03** 8. 49** 
BSllCO vs BS11(FR)C6 10 3, .18** 878. .46** 71. 38** 
Among BSllCO 90 1, .91** 171. 63** 10. 37** 
Among BS11(FR)C6 90 1, .19 137, .80** 8. 09** 
Error (b) 580 1, .14 41. . 36 1. 91 
Full-sib family error 190 1 .07 55, .23 1, .71 
line error 390 1 .17 34, .57 2. 00 
Full-sib family mean 19 .26 5 .61 1, .13 
line mean 18 .99 3 .96 1, .14 
Experiment mean 19 .08 4 .51 1 .14 
Experiment CV (%) 5 .59 14 .26 12 .12 
Y^IELD and EPF mean squares were multiplied by 100. 
*,**Significant at the 0.05 and 0.01 probability levels, 
respectively. 
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Table A2. Means, minimum and maximum values, ranges, standard errors 
(SE), and least significant differences (LSD) of full-sib 
families within populations for traits measured in the 
experiment conducted at Kanawha in 1983 
Population 
Trait BSIOCO BS10(FR)C6 BSllCO BS11(FR)C6 SE LSD (0.05) 
STAND* 
Mean 19.05 19.22 19.36 19.40 0.10 NS 
Minimum 16.00 17.00 18.00 17.00 
Maximum 22.00 25.00 24.00 23.00 
Range 6.00 8.00 6.00 6.00 
YIELD 
Mean 5.37 5.70 5.49 5.87 0.07 0.21 
Minimum 3.20 3.56 2.02 3.46 
Maximum 8.34 8.74 8.09 7.59 
Range 5.15 5.19 6.07 4.14 
EPP 
Mean 1.06 1.17 1.09 1.24 0.01 0.04 
Minimum 0.83 0.82 0.68 0.94 
Maximum 1.22 1.74 1.74 1.84 
Range 0.39 0.92 1.05 0.90 
S^TAND is expressed in plants/plot and YIELD in Mg/ha. 
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Table A3. Means, minimum and maximum values, ranges, standard errors 
(SE), and least significant differences (LSD) of S^  lines 
within populations for traits measured in the experiment 
conducted at Kanawha in 1983 
Trait 
Population 
SE LSD (0.05) BSIOCO BS10(FR)C6 BSllCO BS11(FR)C6 
STAND* 
Mean 18.90 18.92 18.90 19.27 0.08 0. 21 
Minimum 14.00 14.00 13.00 11.00 
Maximum 22.00 22.00 24.00 24.00 
Range 8.00 8.00 11.00 13.00 
YIELD 
Mean 3.85 4.26 3.40 4.31 0.04 0. 06 
Minimum 0.94 1.92 0.32 2.19 
Maximum 8.46 6.30 6.51 7.13 
Range 7.52 4.38 6.19 4.94 
EPP 
Mean 1.02 1.22 1.03 1.28 0.01 0 .03 
Minimum 0.59 0.74 0.33 0.58 
Maximum 1.65 1.85 1.83 2.05 
Range 1.06 1.11 1.50 1.47 
S^TAND is expressed in plants/plot and YIELD in Mg/ha. 
Table A4. Analyses of variance pooled over sets, means, and 
coefficients of variation (CV) for traits measured in the 
experiment conducted at Ames in 1983 
Mean squares 
Source of variation df STAND YIELD^  EPP^  
Sets (S) 9 2. 81** 696. 04 10. 00 
Replications/S 10 0. 45 335. 41** 12. 70** 
Inbreeding levels (F) 1 25. 63** 73210. 89** 0. 09 
S X F 9 1. 26 111. 46 1. 57 
Error (a) 10 0. 41 144. 94** 1. 06 
Entries/F/S 580 1. 83** 152. 53** 8. 36** 
Among full-sib families 190 0. 54 106. 71** 3. 36** 
BSIO vs BSll 10 0. 40 118. 79** 5. 23** 
BSIOCO vs BS10(FR)C6 10 0. 90* 162. 09** 8. 89** 
Among BSIOCO 40 0. 94** 76. 14* 1. ,22 
Among BS10(JR)C6 40 0. 48 87. ,46** 3. ,57** 
BSllCO vs BS11CFR)C6 10 0. 34 206. 09** 8. ,80** 
Among BSllCO 40 0. 31 104. ,04** 3. ,01** 
Among BS11(FR)C6 40 0. ,45 117. 49** 2. 43** 
Among S^  lines 390 2. 45** 174. 85** 10. 80** 
BSIO vs BSll 10 1. 77* 160. ,86** 8. 74** 
BSIOCO vs BS10(FR)C6 10 3. 35** 392, .66** 44, .63** 
Among BSIOCO 90 3. 88** 178, .43** 4, .94** 
Among BS10(FR)C6 90 0. 90 95. 90** 10, 05** 
BSllCO vs BS11(FR)C6 10 4. .40** 1118. 97** 76, .15** 
Among BSllCO 90 2, .74** 158, .59** 8. 85** 
Among BS11(FR)C6 90 2. 07** 138. 93** 8. 56** 
Error (b) 580 0 .67 36 .47 1, .83 
Full-sib family error 190 0, .47 45, .77 1, .35 
S^  line error 390 0 .76 31 .94 2 .06 
Full-sib family mean 18 .85 5 .50 1 .10 
Sj^  line mean 18 .54 3 .85 1 .10 
Experiment mean 18 .65 4 .40 1 .10 
Experiment CV (%) 4 .38 13 .73 12 .30 
l^ELD and EPP mean squares were multiplied by 100. 




RTLG STKLG SLKDT EARHT PLTHT TEN 
349. 96** 1225. 57** 29. 73** 4172. 66** 9092. 50** 59. 58 
56. 56 82. 72 3. 99** 318. 44** 1477. 66** 33. 96** 
418. 21** 14313. 66** 1038. 85** 75194. 58** 158975. 83** 1019. 47** 
37. 60 296. 25 5. 59 170. 26 211. 14 9. 93 
100. 80** 295. 30** 7. 30** 336. 05** 629. 77** 7. 05 
137. 58** 417. 73** 13. 58** 418. 26** 698. 51** 27. 61** 
83. 47** 362. 00** 10. 11** 411. 30** 613. 18** 22. 90** 
286. 82** 327. 41 45. 98** 2498. 64** 3846. 50** 43. 79** 
11. 90 1177. 61** 2. 36 160. 50** 488. 17** 22. 28** 
13. 61 248. 82 8. 40** 201. 40** 307. 05** 17. 00** 
23. 54 358. 76** 5. 00** 197. 11** 320. 69** 13. 81** 
214. ,15** 608. 25** 28. 90** 848. 64** 1228. 29** 123. 32** 
175. ,72** 361. 04** 7. 88** 376. 41** 547. 25** 18. ,01** 
55. ,42 222. 55 7. 44** 301. 82** 346. 88** 12. ,60** 
163. 94** 444. 88** 15, 27** 421. 65** 740. 09** 29. 91** 
471. ,27** 186. 08 97. 39** 2062. 00** 3639. 40** 38. ,22** 
39. 89 1186. ,70** 13. 57** 389. 03** 623. 99** 18. 35** 
67. 12* 562. 56** 10. ,11** 318. 01** 713. 14** 31. 39** 
86. 89** 363. 37** 8. 37** 332. 95** 619. 44** 29. 53** 
398. 46** 713. 17** 68. , 37** 1085. ,15** 1488. 14** 133, .09** 
292. .74** 408. 72** 13. , 86** 432. 18** 636. ,65** 32. 38** 
162, .60** 361. 38** 13. 93** 351. 11** 598. 76** 15. 25** 
46. 57 155. 15 1. 60 62. 35 82. 33 6. 58 
43, .07 184. 14 1. 42 56. 11 74. ,93 5. 50 
48 .27 141, .03 1, .69 65. 39 85. 93 7, .10 
4, .51 33, .37 29, .70 121. 92 225. 53 19, .00 
5 .76 26 .05 31 .68 105 .12 201. 12 17 .04 
5 .34 28 .49 31 .02 110 .72 209 .26 17 .69 
127 .79 43 .72 4 .07 7 .13 6 .34 14 .50 
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Table A5- Means, minimum and maximum values, ranges, standard errors 
(SE), and least significant differences (LSD) of full-
sib families within populations for traits measured in the 
experiment conducted at Ames in 1983 
Population 
Trait BSIOCO BS10(FR)C6 BSllCO BS11(FR)C6 SE LSD (0.05) 
STAND* 
Mean 18.66 18.99 18.92 18.84 0.07 NS 
Minimum 15.00 17.00 16.00 17.00 
Maximum 21.00 21.00 20.00 21.00 
Range 6.00 4.00 4.00 4.00 
YIELD 
Mean 5.18 5.62 5.42 5.80 0.07 0.19 
Minimum 3.48 3.42 2.88 2.32 
Maximum 7.65 7.36 7.87 8.10 
Range 4.17 3.94 4.99 5.77 
EPF 
Mean 1.02 1.14 1.06 1.18 0.01 0.03 
Minimum 0.83 0.80 0.74 0.89 
Maximum 1.25 1.63 1.53 1.61 
Range 0.42 0.83 0.79 0.72 
RTLG 
Mean 1.97 2.23 9.40 4.43 0.66 1.82 
Minimum 0.00 0.00 0.00 0.00 
Maximum 21.05 23.81 68.42 33.33 
Range 21.05 23.81 68.42 33.33 
STKLG 
Mean 38.22 25.67 39.26 30.35 1.36 3.76 
Minimum 5.00 0.00 5.00 0.00 
Maximum 83.33 72.22 84.21 68.42 
Range 78.33 72.22 79.21 68.42 
SLKDT 
Mean 28.84 28.53 31.67 29.77 0.12 0.33 
Minimum 25.00 23.00 26.00 24.00 
Maximum 39.00 34.00 38.00 35.00 
Range 14.00 11.00 12.00 11.00 
S^TAND is expressed in plants/plot, YIELD in Mg/ha, RTLG and STKLG 
in percent, SLKDT in days after June 30, and EARHT and PLTHT in 
centimeters. 
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Table A5. (Continued) 
Population 
Trait BSIOCO BS10(FR)C6 BSllCO BS11(FR)C6 SE LSD (0.05) 
EAEHT 
Mean 115.23 113.82 134.64 123.98 0.75 2.08 
Minimum 93.20 90.80 87.60 93.80 
Maximum 150.20 143.20 185.20 168.60 
Range 57.00 52.40 97.60 74.80 
FLTHT 
Mean 218.15 213.90 241.52 228.57 0.87 2.40 
Minimum 180.20 180.40 194.80 192.40 
Maximum 257.40 247.40 303.40 271.20 
Range 77.20 67.00 108.60 78.80 
TBN 
Mean 17.81 18.76 21.98 17.45 0.23 0.65 
Minimum 9.40 12.20 13.40 8.60 
Maximum 26.60 27.20 34.40 23.20 
Range 17.20 15.00 21.00 14.60 
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Table A6. Means, minimum and maximum values, ranges, standard errors 
(SE), and least significant differences (LSD) of S^  lines 
within populations for traits measured in the experiment 
conducted at Ames in 1983 
Trait 
Population 
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S^TAND is expressed in plants/plot, YIELD in Mg/ha, RTLG and STKLG 
in percent, SLKDT in days after June 30, and EARHT and PLTHT in 
centimeters. 
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Table A6. (Continued) 
Population 
Trait BSIOCO BS10(FR)C6 BSllCO BS11(FR)C6 SE LSD (0.05) 
EARHT 
Mean 99.47 101.84 113.35 105.84 0.57 1.58 
Minimum 57.40 59.00 71.20 69.40 
Maximum 150.40 157.80 165.40 144.40 
Range 93.00 98.80 94.20 75.00 
PLTHT 
Mean 194.42 195.33 212.33 202.40 0.66 1.82 
Minimum 134.40 148.00 152.80 150.80 
Maximum 249.20 245.20 274.00 257.20 
Range 114.80 97.20 121.20 106.40 
TBN 
Mean 16.42 16.67 19.21 15.87 0.19 0.52 
Minimum 7.20 5.40 7.60 8.00 
Maximum 32.20 31.60 35.20 24.60 
Range 25.00 26.20 27.60 16.60 
Table A7. Analyses of variance pooled over sets, means, and coefficients of variation (CV) for 
traits measured in the experiment conducted in Kanawha in 1984 
Mean squares 
Source of variation df STAND YIELD^  EPP^  RTLG STKLG DRPEARS^  
Sets (S) 9 16.13** 889. 94 23. 18* 163. 87** 2241. 20* 1. 05 
Replications/S 10 2.25 391. ,12** 4. 84** 19. 87 536. 52* 1. 28 
Inbreeding levels (F) 1 19.08 56926. 04** 4. 91 153. 66 3929. 61** 8. 06* 
S X F 9 5.23 156. 89 3. 45 31. 07 690. 92 1. 32 
Error (a) 10 6.39** 65. 48 1. 61 27. 80 1131. 32** 0. 67 
Entries/F/S 580 4.37** 150. 82** 7. 08** 58. 27** 818. 13** 1. 15 
Among full-sib families 190 3.96** 116. 24** 3. 00** 70. 82** 614. 02** 1. 87 
BSIO vs BSll 10 6.05** 205. 44** 5. 47** 81. 80** 496. 49* 2. 95 
BSIOCO vs BS10(FR)C6 10 5.92** 145. 86** 9. 32** 129. 95** 1323. 43** 2. 31 
Among BSIOCO 40 7.54** 90. 49 0. 74 19. 97 723. 31** 3. 79** 
Among BS10(FR)C6 40 3.49* 102. 68 2. 68** 83. 75** 624. 63** 1. 44 
BSllCO vs BS11(FR)C:6 10 3.95* 233. 97** 5. 85** 73. 43** 901. 01** 0. 68 
Among BSllCO 40 2.82 114. 25 2. 27** 110. 48** 468. 27** 1. 16 
Among BS11(FR)C6 40 0.97 98. 39 3. 41** 50. 92* 420. 13** 1. 01 
Among SJ lines 390 4, ,57** 167.66** 9.07** 52.15* 917.57** 0.80 
BSIO vs BSll 10 3, , 29* 101.39** 10.06** 24.96 1063.02** 0.80 
BSIOCO vs BS10(FR)C6 10 1. ,89 128.83** 49.76** 126.09** 1372.76** 0.65 
Among BSIOCO 90 5. , 30** 167.27** 3.40** 15.68 881.97** 1.12** 
Among BS10(l'R)C6 90 1. 78 129.26** 8.86** 72.08** 903.62** 0.62 
BSllCO vs BS11(FR)C6 10 10.17AA 878.84** 37.36** 58.24** 3287.41** 0.29 
Among BSllCO 90 5. , 72** 182.60** 10.19** 80.16** 782.62** 0.73 
Among BS11(FR)C6 90 5. 28** 124.19** 6.04** 34.81** 772.03** 0.80 
Error (b) 580 I. 76 57.20 1.94 26.29 244.28 1.03 
Full-sib family error 190 2. 07 75.68 1.34 33.86 215.09 1.61 
Sj^  line error 390 1. 60 48.19 2.23 22.60 258.50 0.74 
Full-sib family mean 21. 20 5.11 1.09 3.54 45.57 0.34 
line mean 20, 93 3.64 1.07 2.78 41.73 0.17 
Experiment mean 21. 02 4.13 1.08 3.03 43.01 0.23 
Experiment CV (%) 6. 30 18,31 12.90 169.22 36.34 440.76 
Y^IELD and EPP mean squares were multiplied by 100. 
D^RPEARS was expressed as percent of stand. 
*,**Slgnlflc:ant at the 0.05 and 0.01 probability levels, respectively. 
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Table A8. Means, minimum and maximum values, ranges, standard errors 
(SE), and least significant differences (LSD) of full-sib 
families within populations for traits measured in the 
experiment conducted at Kanawha in 1984 
Population 
Trait BSIOCO BS10(FR)C6 BSllCO BS11(FR)C6 SE LSD (0.05) 
STAND^  
Mean 20.89 21.00 
Minimum 13.00 5.00 
Maximum 24.00 25.00 
Range 11.00 20.00 
YIELD 
Mean 4.95 5.11 
Minimum 3.14 1.24 
Maximum 7.21 8.42 
Range 4.08 7.18 
EPF 
Mean 1.00 1.13 
Minimum 0.81 0.81 
Maximum 1.24 1.62 
Range 0.43 0.81 
RTLG 
Mean 1.53 4.58 
Minimum 0.00 0.00 
Maximum 35.00 44.44 
Range 35.00 44,44 
STKLG 
Mean 52.77 38.44 
Minimum 4.76 0.00 
Maximum 100.00 100.00 
Range 95.24 100.00 
DRPEARS 
Mean 0.65 0.19 
Minimum 0.00 0.00 
Maximum 9.09 5.26 
Range 9.09 5.26 












4.79 3.24 0.58 1.61 
0 . 0 0  0 . 0 0  
37.50 37.50 
37.50 37.50 




0.29 0.24 0.13 NS 
0.00 0 .00 
6.25 5.00 
6.25 5.00 
S^TAND is expressed in plants/plot, YIELD is Mg/ha, and RTLG, 
STKLG, and DRPEARS in percent. 
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Table A9. Means, minimum and maximum values, ranges, standard errors 
(SE), and least significant differences (LSD) of Sj lines 
within populations for traits measured in the experiment 
conducted at Kanawha in 1984 
Population 
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S^TAND is expressed in plants/plot, YIELD in Mg/ha, RTLG, STKLG, 
and DRPEARS in percent. 
Table AlO. Analyses of variance pooled over sets, means, and 
coefficients of variation (CV) for traits measured in the 
experiment conducted at Ames in 1984 
Mean squares 
Source of variation df STAND YIELD a EPP^  
Sets (S) 9 41. 26* 575. 59 11. 53 
Replications/S 10 12. 72** 428. 18** 3. 98 
Inbreeding levels (F) 1 396. 
•
K •K o
 135458. 92** 6. 84 
S X F 9 11. 74 225. 55 6. 24 
Error (a) 10 18. 71** 104. 70* 3. 71 
Entries/F/S 580 16. 15** 186. 03** 9. 13** 
Among full-sib families 190 8. 87** 154. 77** 6. 50** 
BSIO vs BSll 10 8. ,66** 184. 04** 7. 28** 
BSIOCO vs BS10(FR)C6 10 13. ,12** 217. 43** 20. 01** 
Among BSIOCO 40 14. 68** 110. 58** 1. ,64 
Among BS10(FR)C6 40 4. ,04* 150. 79** 5. 77** 
BSllCO vs BS11(FR)C6 10 4. 69 298. 17** 21. ,19** 
Among BSllCO 40 8. 56** 166. 83** 4. 57** 
Among BS11(FR)C6 40 8. ,23** 132. 03** 6. ,78** 
Among S 2^  lines 390 19. ,70** 201. 27** 10. ,41** 
BSIO vs BSll 10 21. 98** 248. 98** 4. ,99** 
BSIOCO vs BS10(FR)C6 10 27, .10** 298. ,47** 39. 98** 
Among BSIOCO 90 20. 05** 236. ,03** 3. 99** 
Among BS10(FR)C6 90 6. 62 122, ,10** 9, .40** 
BSllCO vs BS11(FR)C6 10 33, .93** 1070. 45** 51. 72** 
Among BSllCO 90 27, .00** 181. ,56** 10, .89** 
Among BS11(FR)C6 90 22 .49** 152. 69** 10, .08** 
Error (b) 580 4, .48 51. 40 2, .21 
Full-sib family error 190 2, .72 65. ,17 1 .65 
S^  line error 390 5 .34 44, .69 2 .48 
Full-sib family mean 21 .19 6, .49 1 .17 
S^  line mean 19 .96 4, .24 1 .16 
Experiment mean 20 .37 4 .99 1 .16 
Experiment CV (%) 10 .39 14 .37 12 .82 
l^ELD and EPF mean squares were multiplied by 100. 




RTLG STKLG SLKDT EARHT PLTHT TBN 
213. 84* 982. 13* 95. 05** 983.86** 1295.94** 194. 41** 
69. 82 201. 15 12. 52** 89.92 114.65 33. 47** 
81. 07 5650. 92** 1965. 66** 56477.28** 120275.04** 796. 49** 
142. 16 187. 63 23. 10 993.17 1687.21 23. 94 
60. 48 365. 13** 5. 69 798.29** 1111.90** 15. 04** 
104. 33** 308. 64** 19. 50** 384.51** 650.66** 29. 60** 
142. 81** 271. 58** 15. 65** 373.42** 635.07** 28. 92** 
602. 28** 238. 52 111. 76** 1719.95** 3604.96** 45. 49** 
12. 29 551. 98** 5. 97** 195.11 326.97* 31. 60** 
10. 45 232. 30* 8. 06** 178.90 404.11** 17. 27** 
3. 72 245. 97** 5. 80** 217.19* 349.15** 17. 92** 
44. 59 984. 12** 28. 46** 826.83** 1498.52** 172. 70** 
274. 29** 196. 67 13. 09** 387.25** 431.99** 25. ,16** 
225. 10** 171. 40 10. 84** 304.95** 473.69** 14. ,58** 
85. 59** 326. 70** 21. ,38** 389.90** 658.26** 29. 93** 
559. 56** 209. 9 7* 183. 86** 1923.76** 3880.23** 77. ,95** 
15. 69 510. 78** 13. ,62** 181.41** 471.39** 13. 49** 
6. ,99 342. 13** 14. 41** 326.53** 620.74** 26. ,43** 
12. ,43 241. 60** 12. 99** 237.54** 517.45** 21. 92** 
74. ,86 1035. 12** 80. .32** 1535.89** 1495.30** 208. 93** 
175. , 36* 397. .52** 18. 81** 450.22** 520.38** 34. 48** 
103. 86* 239. 36** 15. 59** 270.74** 564.22** 13. 51** 
42. ,48 118. 98 3. 34 83.65 124.93 5 .34 
42. .72 138, .65 2, .49 131.02 165.29 5 .04 
42. 36 109. 39 3. 75 60.58 105.27 5 .49 
4, .06 23. 22 27. 28 119.15 225.32 18 .74 
3 .51 18 .62 29 .99 104.60 204.08 17 .02 
3 .69 20 .15 29 .09 109.45 211.16 17 .59 
176 .62 54 .13 6 .28 8.36 5.29 13 .14 
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Table All. Means, minimum and maximum values, ranges, standard errors 
(SE), and least significant differences (LSD) of full-sib 
families within populations for traits measured in the 
experiment conducted at Ames in 1984 
Trait 
Population 
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S^TAND is expressed in plants/plot, YIELD in Mg/ha, RTLG and STKLG 
is percent. SLKDT in days after June 30, and EARHT and PLTHT in 
centimeters. 
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Table All. (Continued) 
Population 
Trait BSIOCO BS10(FR)C6 BSllCO BS11(FR)C6 SE LSD (0.05) 
EARHT 
Mean 113.19 113.25 130.63 119.54 1.14 3.17 
Minimum 74.40 90.60 82.40 89.00 
Maximum 202.60 210.20 178.80 224.80 
Range 128.20 119.60 96.40 135.80 
PLTHT 
Mean 217.19 215.18 242.17 226.75 1.29 3.56 
Minimum 101.00 124.60 162.80 115.20 
Maximum 242.60 250.40 279.60 266.20 
Range 141.60 125.80 116.80 151.00 
TBN 
Mean 17.50 18.20 22.28 17-00 0.22 0.62 
Minimum 9.20 9.40 12.40 10.60 
Maximum 27.40 26.80 41.20 24,40 
Range 18.20 17.40 28.80 13.80 
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Table A12. Means, minimum and maximum values, ranges, standard errors 
(SE) and least significant differences (LSD) of lines 
within populations for traits measured in the experiment 
conducted at Ames in 1984 
Population 





































































































































S^TAND is expressed in plants/plot, YIELD In Mg/ha, RTLG and STKLG 
in percent, SLKDT in days after June 30, and EARHT and PLTHT in 
centimeters. 
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Table A12. (Continued) 
Population 
Trait BSIOCO BS10(FR)C6 BSllCO BS11(FR)C6 SE LSD (0.05) 
EARHT 
Mean 98.74 101.81 114.10 103.75 0.55 1.53 
Minimum 62.00 74.00 74.80 74.00 
Maximum 149.40 138.40 165.80 152.80 
Range 87.40 64.40 91.00 78.80 
PLTHT 
Mean 197.33 197.85 215.89 205.28 0.73 2.01 
Minimum 146.60 162.60 169.60 156.20 
Maximum 252-00 248.80 260.80 261.80 
Range 105.40 86.20 91.20 105.60 
TBN 
Mean 15.97 16.45 19.96 15.68 0.17 0.46 
Minimum 7.80 8.60 8.00 9.00 
Maximum 29.00 26.00 39.60 25.80 
Range 21.20 17.40 31.60 16.80 
155 
APPENDIX B. PARENTAL DATA 
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SELF CROSS POLLINATION EAR 























































81 .0  
113.0 
116.0 
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2 6 . 0  
28.0 
28 .0  
25.0 
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SELF CROSS POLLINATION EAR 
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58.0 
117.0 
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28.0  
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17.0 
































































































CROSS POLLINATION EAR 
YIELD DATE HEIGHT TBN 


















26 .0  





















































































SELF CROSS POLLINATION EAR 
YIELD YIELD DATE HEIGHT TBN 
G/PLANT G/PLANT AFTER cm 
6/30 
i '(8.0 8'(.0 32.0 103.0 
911.0 89.0 28.0 129.0 
169.0 1(8.0 28.0 109.0 
176.0 158.0 28.0 137.0 
116.0 76.0 28.0 96.0 
93.0 103.0 30.0 152.0 
153.0 66.0 30.0 110.0 
73.0 72.0 29.0 120.0 
153.0 160.0 28.0 101.0 
107.0 28.0 93.0 
127.0 153.0 27.0 112.0 
85.0 121 .0 26.0 12'(.0 
126.0 26.0 26.0 106.0 
l ' l6.0 7'(.0 27.0 110.0 
158.0 120.0 27.0 107.0 
135.4 102.6 28.1 111.7 
. 0  
. 0  
. 0  
. 0  
.0 
. 0  
. 0  
. 0  
. 0  
. 0  
. 0  
. 0  
.0 UU 
. 0 oi 
. 0  ^  


















APPENDIX C. ENTRY MEANS OF TRAITS EVALUATED IN THE EXPERIMENT 
CONDUCTED NEAR KANAÎvTîA IN 1983 
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1 
-^ ONOO^  V3 ^  OO —* O N O O VOOOOO —* ^  O —O-*—VO OVOOOO I 
691 
PF-OIGREE 
«I('l8-10 X 1l|l|8-18 
1i| ' l9-3 X 1'I50- 3 
l l| l |9-'( X 1'l50- 1 1 
1l|l l9-5 X 1'i50-i| 
1'('(9-9 X 1450-5 
2671-1 X 2672-3 
2671-10 X 2672-1 
2671-19 X 2672-22 
2673-1 X 2673-5 
2673-16 X 267'»-21 
2675-17 X 2676-9 
2677-2 X 2678-7 
2677-20 X 2678-16 
2680-11 X 2680-12 
1UU2-1 X J  
11t'» 1 -1 
ll| l|2-10 
1'I ' l l-2 
1'l ' l2-5 
1'I ' l l-3 
ll| l|2-16 
1'I ' l l-5 
1l| ' l2-13 
1'|l| l-6 
1l| 't2-3 
ll| l |1-11 
1l|l|2-11 
1'I' l l-HI 
I' l '12-18 
1'l ' l1-15 













































5 .35  1 .1  
4 .41  1 .1  
5 .06  1 .0  
5 .02  1 .1  
5 .25  1 .0  
4 .87  0 .9  
5 .96  1 .1  
5 .93  1 .0  
6 .  18  1 .  1  
5 . 90  1 .1  
6 .36  1 .1  
6 .26  1 .1  
7 .37  1 .0  
4 .08  1 .0  
5 . I J8  1 . 0  
4 .18  1 .0  
2 .98  1 .1  
4 .81  1 .1  
3 .80  1 .0  
4 .63  1 .1  
3 .46  1 .0  
4 .13  1 .0  
5 .05  1 .1  
3 .65  1 .1  
3 .85  1 .5  
2 .52  0 .7  
3 .28  0 .9  
3 .06  0 .9  
4 .29  1 .  1  
3 .00  0 .9  
3 .04  1 .2  
4 .43  1 .1  
3 .55  0 .9  
3 .31  0 .9  
' 1 . 64  1 .3  
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l l | l |6-2 
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1I|I|6-10B 














i|. 79 1.2 
'1.29 1.1 
3.93 1.2 
'1. 2i| 1.2 













H. 56 1.0 
3.95 1.0 
3. I l l 1.0 
5.01 1. 3 
1.97 0.7 
'1.15 1.0 
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11)71- 1 X 472-1 
11171-1) X 472-10 
11171- 5 X 472-9 
11)71-7 X 472-7 
I')7l-8 X 472-19 
11)71- 10 X 472-5 
11)71- 11 X 472- 15 
11)71-17 X 472-8 
I')71-18 X 472-21 
11)71-19 X 472-22 
11)72-12 X 472- 16 
l')72-17 X 472- 18 
11)72- T) X 473- 18 
11)73- 1 X 474-1 
1')73-2 X 473-10 
11)73-4 X 474-8 
11)73-5 X 474-10 
1')73-6 X 474-9 
11)73-7 X 474-2 
1473-9 X 474- 16 
11)73- 11 X 473- 14 
11)73- 12 X 474- 11 
l')73- 13 X 474- 15 
UI73- 17 X 474- 18 
11)73- 19 X 474- 13 
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3.76 1 .0 
'*.09 1,0 
'*.99 1, 1 
5. 17 1,3 





'*.19 1. 1 
3.52 1.3 
'*.47 1. 1 
3.61 1.0 
3.71 1.3 

















































































































































PEOIGIU.E ENTRY NO STAND YIELD EPP 
PLANTS Mg/ha 
/PLOT 
1')77-5 122081 19.0 3.68 1.2 
11177-19 122082 19.0 4.52 1.3 
1'(77-1'( 122083 19.0 5.51 1.4 
11177-10 122084 19.0 5.02 1.2 
11177-2 122085 19.5 3.96 1.2 
1'178-1 122086 19.0 5.48 1.4 
Ul77-' l  122087 19.0 5.11 1.5 
11178-6 122088 17.5 3. 14 1.0 
1'177-11 122089 19.5 4.98 1.2 
1478-12 122090 19.5 4.99 1,3 
1I177-18A 122091 19.5 3.86 1.0 
1478-10 122092 18.5 4.61 1. 1 
1477-20 122093 18.5 4.38 1.1 
1478-15 122094 19.0 3.76 1.1 
1479-1 122095 18.5 4.26 1.4 
1479-15 122096 17.0 3.39 1.1 
1479-2 122097 19.0 4.07 1.3 
1480-18 122098 18.0 3.37 1.4 
1479-4 122099 19.0 4. 19 1.4 
1480-21 122100 19.5 4.27 1.1 
1451-9 X 1451-13 211001 19.0 3.83 1.0 
1451-1 X 1452-9 211002 •9.0 5.48 1.0 
1451-2 X 1452-16 211003 20.0 4.21 0.9 
1451-4 X 1452-3 211004 20.5 6.55 1.2 
1451-14 X 1453-20 211005 19.0 6.09 1.5 
1452-1 X 1452-15 211006 19.0 2.93 0.8 
1452-6 X 1452-8 211007 19.5 6.37 1.6 
1452-11 X 1455-21 211008 20.0 4.26 1.1 
1453-10 X 1453-12 211009 18.0 4.52 1.1 
1453-7 X 1454-12 211010 19.5 5.70 1.0 
1453-8 X 1454-10 211011 19.0 3.97 0,9 
1453-18 X 1457-4 211012 19.0 3.90 1.2 
1453-19 X 1454-13 211013 21.5 5.48 0.9 
1454-11 X 1455-9 211014 19.0 4.53 0.9 
1454-5 X 1456-6 211015 19.0 4.89 1.0 
STAND YIELD EPP 
1'I55-'» X 11156-13 
1ll5'l-1 X TI58-7 
11154-2 X 1455-1 
1455-5 X 1455-12 
1455-7 X 1455-10 
1455-6 X 1457-15 
1456-12 X 1456-14 
1457-1 X 1458-16 
1457-2 X 1458-10 
1457-6 X 1458-3 
1457-17 X 1458-2 
1457-5 X 1459-5 
1459-1 X 1459-4 
1459-3 X 1460-11 
1459-9 X 1460-8 
1459-13 X 1460-18 
1459-15 X 1460-4 
1460-5 X 1460-10 
1453-1 X 1453-2 
2691-6 X 2692-5 
2691-12 X 2692-13 
2691-19 X 2692-17 
2693-1 X 2693-12 
2693-2 X 2694-2 
2693-5 X 2694-1 
2693-9 X 2694-6 
2693-11 X 2694-15 
2693-13 X 2694-7 
2695-13 X 2696-22 
2695-16 X 2696-19 
2695-17 X 2695-22 
2697-3 X 2698-17 
2697-4 X 2697-10 
2696-1 X 2696-13 
2697-11 X 2698-14 
PLANTS Mg/ha 
/PLOT 
211016 20.0 4.63 0.9 
211017 19.5 5.07 0.9 
211018 19.0 4.49 1.0 
211019 19.5 6.37 1.4 
211020 19.5 7.24 1.2 
211021 19.0 5.08 0.9 
211022 20.0 4.37 0.9 
211023 20.0 5.77 1.0 
211024 19.5 6.54 1.1 
211025 19.5 6.61 1.1 
211026 18.0 5.42 1.0 
211027 21.5 6.58 1.2 
211028 19.0 5.53 1.1 
211029 18.5 4.83 0.9 
211030 20.0 6.06 1.0 
211031 19.0 6.68 1.1 
211032 19.0 5.11 1.1 
211033 19.5 5.47 1.1 
211034 19.0 6.01 1.3 
211035 19.5 6.22 1.0 
211036 19.5 5.45 1.1 
211037 19.5 5.18 1.1 
211038 19.0 4.50 1.1 
211039 18.5 4.19 1.2 
211040 21.5 5.25 1.0 
211041 19.5 5.89 1.2 
211042 18.5 5.96 1.5 
211043 19.5 6.83 1.1 
211044 19.0 4.96 1.0 
211045 18,5 6.53 1.2 
211046 18.5 6.37 1.2 
211047 19.0 6.22 1,2 
211048 19.5 7.58 1.2 
211049 19.0 5.51 1.2 









































































STAND YIELD EPP 
PLANTS Mg/ha 
/PLOT 
20.5 0.57 0.5 
18.5 3. '('( 1.1 
19.5 3.60 1.1 
19.0 1.35 O.'l 
19.0 '(.'(5 0.8 
20.5 3.6I( 1.1 
17.5 2.25 1.0 
19.0 '1 .00 1.2 
19.0 3.57 1.3 
19.0 2.39 1.1 
20.0 2.99 1.1 
20.5 2.87 0.9 
18.5 3.0l( 1.2 
19.0 '(.88 1.7 
19.5 1.15 0.7 
19.0 2.85 0.9 
17.5 3.8l( 1.1 
17.5 3.71 1.1 
19.5 1.55 0.6 
20.0 3.91 1.2 
18.5 2.'(9 0.9 
20.0 2.31 0.9 
20.0  1 .81  1 .2  
20.0 2.38 0.7 
17.5 3.80 1.0 
18.5 2.97 1.0 
20.0 3.08 0.9 
18.5 3.16 1.0 
19.0 '(.32 1.'( 
18.5 2.09 0.7 
18.5 l-l'O 1.1 
19.5 2.27 0.6 
19.0 3.57 1.1 
19.0 3.87 0.9 
20.5 ' ( .26 1.0 




















































































































l(.53 1 .1 
5.29 1.2 
1.68 0.5 








'(. 09 1 .0 
2.98 1.2 
2.55 0.8 















PEDIGREE ENTRY NO STAND YIELD rpp 
PLANTS Mg/ha 
/PLOT 
2691-12 212071 19.5 3.88 1.2 
2692-13 212072 16.5 2.35 1.2 
2691-19 212073 i9.5 3.57 1.2 
2692-17 212071 17.5 1.61 1 .1 
2693-1 212075 18.5 2,10 0.7 
2693-12 212076 21.0 2.92 1.0 
2693-2 212077 18.5 2. 13 1. 1 
269/1-2 212078 19.0 1.99 1.1 
2693-5 212079 19.0 3.88 0.9 
269<l-1 212080 18.5 3.05 1.2 
2693-9 212081 18.0 1.12 1.2 
269'(-6 212082 19.0 3.27 1.2 
2693-11 212083 18.5 3.08 1.6 
2691-15 212081 18.0 3.66 1.2 
2693-13 212085 17.5 1.27 1.3 
2691-7 212086 16.0 3.26 0.9 
2695-13 212087 18.5 3.90 1.0 
2696-22 212088 18.5 3.15 0.8 
2695-16 212089 19.5 3.51 1. 1 
2696-19 212090 19.0 1.58 1.2 
2695-17 212091 18.5 1. 36 1,1 
2695-22 212092 16.5 2.70 1,2 
2697-3 212093 17.5 I I .  16 1,1 
2698-17 212091 19.0 1.09 1,1 
2697-1 212095 20.0 5.81 1,3 
2697-10 212096 18,0 1,15 1. 1 
2696-1 212097 18.5 3.79 1.3 
2696-13 212098 18,5 3.31 1 .0 
2697-11 212099 15.5 1.15 1.3 
2698-11 212100 19.5 3.80 0.9 
1161-3 X 1161 -10 221001 19.0 5.52 1.2 
1161-1 X 1162 -13 221002 21.5 1.13 1. 1 
1161-5 X 1162 -5 221003 20.0 5.65 1,1 
1161-7 X 1162 -6 221001 18.5 1.72 1, 1 
1161-17 X 1162 -20 221005 19.0 5.28 1,3 
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COO r-CU  ^{A o •— CVJJ>CO 
• ^  lA ON r- •— »— fO 0\ «— I  I  t  I  I  l l l l l  l l l l l  g I --^CVJvO^ I*—CO^-^ *— h- CC ON •— 
si 53333 33333 SSSSS SSSSS SSSSG SG38S 
PEDIGUEC ENTRY NO STAND YIELD EPP 
PLANTS Mg/tia 
/PLOT 
1/(69-2 X 1470- 13 221041 19.0 4.27 0.9 
1469-3 X 14 70- 3 221042 17.5 5.32 1.3 
H(69-7 X 14 70-5 221043 19.0 6.10 1.2 
11(69-9 X 1470-6 221044 18.0 6.65 1.4 
11(69-10 X 1470-7 221045 18.5 5.39 1.0 
11(69-16 X 1470- 18 221046 20.0 5.79 1.2 
11(69-18 X 1470-21 221047 19.5 7.13 1.4 
11(69-21 X 1470-17 221048 19.0 6.95 1.6 
1470-1 X 1470-20 221049 19.0 5.97 1.5 
11(70-11 X 1470-16 221050 18.5 5.80 1.4 
11(61-3 222001 18.5 4.80 1.2 
11(61-10 222002 19.5 4.40 1.5 
11(61-4 222003 19.0 3.38 1.1 
1462-13 222004 19.5 3.51 1.2 
1461-5 222005 19.0 3.34 1.3 
1462-5 222006 19.0 3.95 1. 1 
1461-7 222007 19.0 3.99 1.1 
1462-6 222008 19.5 3.30 1.2 
1461-17 222009 19.0 3.47 0.9 
1462-20 222010 19.0 3.73 1.3 
1461-18 222011 19.5 4.69 1.6 
1462-21 222012 19.0 4.07 1.4 
1462-10 222013 19.0 3.99 1.1 
1462-11 222014 20.5 4.30 1.2 
1463-9 222015 19.0 4.03 1.2 
1469-6 222016 20.5 4.29 1.2 
1462-17 222017 20.5 2.82 1.0 
1462-22 222018 20.5 3. 1 1 1.0 
1462-12 222019 19.5 4.11 1.4 
1462-19 222020 21.5 4.72 1.3 
1462-14 222021 20.0 3.88 1.2 
1463-2 222022 19.5 3.66 1.5 
1463-17 222023 19.0 3. 15 1.0 
1464-17 222024 19.0 3.64 1.2 











































































STAND YIELD EPP 
PLANTS Mg/ha 
/PLOT 
19.5 3.35 1.5 
20.0 1. 10 1.2 
20.0 3.53 1.0 
20.5 1.50 1.1 
20.0 2.91 1.0 
19.0 5.81 1.8 
19.0 5.25 1.5 
20.0 1.11 1.2 
20.0 5.83 1.7 
20.5 1.33 1. 1 
19.5 5.69 1.7 
19.0 3.71 1.2 
J9.0 1.36 1.3 
18.5 1.58 1.2 
19.0 3.98 1.1 
18.5 5.15 1.3 
19.0 6.11 1.6 
19.0 1.03 1.2 
19.0 5.09 1.1 
19.0 3.29 1.3 
20.0 3.63 1.2 
20.0 5.07 1.5 
19.5 3.91 1.2 
21.0 1.13 1.3 
19.5 3.80 1.1 
19.0 7.09 1.1 
19.5 1.19 1.3 
19.0 3.51 1.1 
18.5 5.09 1.1 
19.5 3.83 1.3 
18.5 1.19 1. 1 
21.5 1.56 1.3 
18.5 1.77 1.2 
19.0 1.99 1.5 
20.0 1.91 1.0 
00 
PEDIGREE ENTRY NO STAND YIELD EPP 
PLANTS Mg/ha 
/PLOT 
11)67-1 222061 18.5 1). 05 1.2 
11)68-5 222062 19.0 3.37 1.1) 
l')67-') 222063 19.5 i).68 1.1) 
11)68-1 222061) 19.5 l).22 1.0 
11)67-5 222065 19.0 1). 09 1.3 
I')68-8 222066 19.5 5.23 1.2 
11)67-9 222067 19.5 i).11 0.9 
11)68-13 222068 19.0 5.90 1.7 
11)67-17 222069 19.0 11.20 1.2 
11)68-15 222070 18.5 l).21 1.2 
11)67-11 222071 19.5 3.93 1.3 
11)68-11) 222072 19.0 3.96 1.3 
1I)67-1I)A 222073 19.0 i).26 1.2 
11)68-20 222071) 19.0 5.99 1.1) 
11)68-3 222075 19.0 5. 18 1. 1 
11)69-17 222076 19.0 2.66 1. 1 
11)68-9 222077 19.5 5.53 1. 1 
11)68-17 222078 19.0 D.ai 1.7 
11)69-1 222079 19.0 2.86 0.9 
11)70-22 222080 19.5 3.31 1.0 
11)69-2 222081 16.5 l).25 1 . 1 
11)70-13 222082 19.0 3.96 1. 1 
11)69-3 222083 19.0 l).69 1.3 
11)70-3 222081) 19.0 l).56 1.4 
11)69-7 222085 18.5 3.15 1.1) 
11)70-5 222086 20.0 l).79 1.2 
11)69-9 222087 ID. 5 3.1)3 1.6 
11)70-6 222088 19.0 l).60 1. 1 
11)69-10 222089 19.0 l).63 1. 1 
11)70-7 222090 19.0 3.83 1. 1 
11)69-16 222091 19.5 2.75 1.6 
11)70-18 222092 19.0 3. 12 1.0 
11)69-18 222093 20.0 l).87 1.1) 
11)70-21 222091) 18.5 5.67 1.1) 
11)69-21 222095 19.0 l).06 1.1) 
00 Ln 
PEDIGREE ENTRY NO STAND YIELD EPP 
PLANTS Mg/ha 
/PLOT 
1'170-17 222096 18.5 5.6'( 1.7 
11170-1 222097 19.5 5.82 1.8 
1'l70-20 222098 19.5 1.79 1.5 
1'170-11 222099 19.0 6. 33 1.6 
1'170-16 222100 20.0 '1.32 1.2 
MEAN: 19.1 '(.51 1.1 
187 
APPENDIX D. ENTRY MEANS OF TRAITS EVALUATED IN THE EXPERIMENT 
CONDUCTED NEAR AMES IN 1983 
PEDIGREE 
1111-1 X 1112-10 
1111-2 X 1112-5 
1111- 3 X 1112- 16 
1111-5 X 1112-13 
1111-6 X 1112-3 
1111- 11 X 1112- 11 
1111-11 X 1112- 18 
1111- 15 X 1112- 19 
1111- 16 X 1112-11 
1111- 17 X 1112-20 
1111-20 X 1113-1 
1112-6 X 1112-7 
1112-i| X 1112-9 
1113-2 X 1111- 12 
1113-6 X 1111-10 
1113-13 X 1111-8 
1113-11 X 1111- 15 
1113- 16 X 1111- 18 
1115- 1 X 111(5- 10 
1115-8 X 1115-11 
1115-11 X 1115- 18 
1115-6 X 1115-13 
1115-16 X 1115- 17 
1115- 3 X 1116-1 
1115- 2 X 1116-5 
1115- '1 X 1116-2 
1115- 5 X 1116- lOB 
1115-9 X 1116-6 
1116- 11 X 1117- 10 
1117- 3 X 1118-2 
1117-6 X 1118-16 
1117-9 X 1118- 17 
1118-1 X 1118- 11 
1118- 7 X 1118-11 
1118- 12 X 1118- 15 









































5.09 1.  
3.91 0. 
1.11 1.  
3.95 1.  
'1.19 0. 
3.83 0. 
1.51 1.  
5.05 1. 
5.98 1.  
1.58 1.  
5.20 1.  
5.82 1.  
5.98 1 .  
1.66 1.  
6.06 1.  
6.22 1.  
5.16 1. 
5.70 1. 
5.15 1.  
1.91 1.  
5.80 0. 
5.76 1.  
5.31 1 .  
6.50 1 .  
7.11 1.  
1.83 0. 
5.08 1 .  
5.59 1.  
5.39 1 .  
5.72 1.  
5.15 0. 
1.75 1.  
5.37 1.  







0.0 2' l .3 





0.0 ' i '».7 














0.0 25. ' i  
0.0 38.2 
0.0 '15.0 











































1448-10 X 1448- 18 
1449-3 X 1450- 3 
1449-4 X 1450- 11 
1449-5 X 1450- 4 
1449-9 X 1450-5 
2671-1 X 2672- 3 
2671-10 X 2672- 1 
2671-19 X 2672-22 
2673-1 X 2673-5 
2673-16 X 2674-21 
2675-17 X 2676-9 
2677-2 X 2678-7 
2677-20 X 2678- 16 
2680-11 X 2680- 12 


































































































0.0 l | l | .  7 
0.0 40.6 
2.6 29.6 

























0 . 0  8 . 2  
0.0 34.2 

















































































































2 0 . 0  
18.0  
18 .0  





































































































































































































































































0.16 1 . 











































































































1'(71-1 X 11(72-1 
11(71-1» X 11(72-10 
l'(71-5 X l '(72-9 
1'»71-7 X 11(72- 7 
1171-8 X 11(72-19 
1'(71-10 X 1'!72-5 
11(71-11 X 11(72- 15 
1'(71-17 X 1472-8 
1'(71-18 X 11(72-21 
1'(71-19 X 1472-22 
11(72-12 X 11(72-16 
11(72-17 X 1472- 18 
1'l72-1'( X 1473- 18 
1'l73-1 X 1474-1 
11(73-2 X 1473- 10 
11(73-l( X 1474-8 
11(73-5 X 14 74- 10 
11(73-6 X 1474-9 
1473-7 X 1474-2 
1U73-9 X 1474- 16 
11(73-11 X 1473- 14 
11173-12 X 1474- 11 
l'»73-13 X 1474- 15 
1'(73-17 X 1474- 18 
1'(73-19 X 1474- 13 








































3.76 1. 1 









4.49 1 . 1 















6.01 1. 1 
5.78 1. 1 
6.64 1.3 
6.35 1.4 
5.17 1 .0 
6.79 1.2 









































1|73-20A X 1474-r 
473-20 X 1474-4 
<173-21 X 1474-5 
'173-22 X 1474-14 
'175-1 X 1476-2 
<175-3 X 1476-11 
<175-<I X 1476-8 
<175-5 X 1476-9 
<175-6 X 1476-1 
'175-7 X 1476-4 
'175-8 X 1476-5 
<175-12 X 1476-17 
<175-13 X 1476-12 
<176-16 X 1476-18 
<176-7 X 1477-7 
'177-5 X 1477-19 
'177-l'I X 1477-18 
'177-2 X 1478-1 
'177-<1 X 1478-6 
<177-11 X 1478-12 
<177-18A X 1478-1( 
<177-20 X 1478-15 
'179-1 X 1479-15 
'179-2 X 1<I80-18 



















































5.44 1 . 
7.33 1. 
5.84 1 . 
5.04 1. 













6.68 1 . 
5.16 1. 
6.84 1. 









3.31 1 . 













































































PEDIGREE ENTRY NO STAND 
PLANTS 
/PLOT 
11.71-10 122011 19.0 
11.72-5 122012 19.0 
11.71-11 122013 18.5 
11.72-15 12201'» 17.5 
11.71-17 122015 19.0 
11.72-8 122016 19.5 
11.71-18 122017 19.0 
11.72-21 122018 19.0 
11.71-19 122019 17.5 
11.72-22 122020 19.0 
11,72-12 122021 18.5 
11,72-16 122022 19.5 
11,72-17 122023 19.0 
11,72-18 12202'! 19.0 
11.72-111 122025 19.0 
11.73-18 122026 19.0 
11,73-1 122027 19.0 
11,71,-1 122028 17.5 
11,73-2 122029 19.0 
11,73-10 122030 19.0 
11,73-1, 122031 19.0 
11,71,-8 122032 18.0 
11,73-5 122033 20.0 
1l(7l!-10 12203'! 17.5 
11,73-6 122035 19.5 
11,71,-9 122036 20.0 
11,73-7 122037 18.5 
11,71,-2 122038 18.5 
11,73-9 122039 18.5 
11,71-16 1220H0 18.5 
11,73-1 1 1220'!1 19.0 
11,73-11, 1220l!2 16.0 
11,73-12 1220113 19.5 
11,71,-1 1 1220l|'l 18.5 
1/(73-13 1220'»5 18.5 
YIELD EPP RTLG STKLG 
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>1 ooooo ooooo ooooo ooooo coooo ooooo ooooo 
" ccrcwccw cy?ocv:rjc\j cjrjrjCNiro rcrjc\!c\jw cvwcviww cssojr^cjcv: csjwwwcv CU cv: CU C\J CVJ CU CVJ CJ CVJ CJ C\J CVJ CVJ CJ CVJ CU CU C\J C\J CVJ CO C\J C\J CNJ CVJ CUOJCVJCCCVJ CNJCUOJCUCU 
coifNOOO CM SO CO ON NO CM JiTvOm cOifNOP^O 
CO O*" CO o CO ^ CO ifNCO 1- CO C CM ONr-NOP^O O O O CO 
ooe^o OOOCUON CO o o o h- ONO O ONO 
OOCVliTkO O O O CO CO CVIOOOco CM dcMCOcg 
CM CM CO in ^  Om^O^^ CVJCM'-iTiCM OCVJ CM ONO 
«-•-*-*-*— 
"— 
ON p^*-a* CM NO »— CO CO ir\ CO CO CM ON^ NOCMCONCN CO NO iTNfO — p- CO O ifN C^ONOON 
fo c if\ fo a» co^coir^ CO lA J CO CO 
iTNOOiAO O O iTvifNO ^o^oo ^OO^^i 
P^ ON P^ CO ON Cv ON CO CO ON CO ON CO CO ON CO ON ON ON CO 
bJ I < U t iS\>'COO<^en Or^O •— CM Z" ^ CNjr«-c<) OJVOCO 02 I ^ ^  ^  ^  CNj ^ CM ^ CM ifNCM^^CVJ CO ^ ^  CO tTN OVNO^f**^ CO w\ ^  ^  
O I I I I I I I t t I I t I I t I I I I I t I I I I I I t I I I I I I I I 
— I ^PO^FO^ PO ^  FO J FO ^RO^IFWO TRWOTRVXOITN vo ITNVO ITWO IFNSO ;F\VO IR\ OVONOOR^ 
O t r*" r** r*~ p*» r*» r*» f*» r** i*^ r*» r*^ r*» r** f**» r** f** r*» r*» p*» r*» p*» p*~ f*" r*^ r*» r* p^ p»» rw 
PtDICREE ENTRY NO STAND YIELD EPP RTLG STKLG 
PLANTS Mg/ha % % /PLOT 
11)77-5 122081 19.0 4.41 1.2 34.2 13.2 
11177-19 122082 18.5 5.36 1.4 2.6 19.0 
1/l77-m 122083 19.0 5.30 1.4 2.5 18.6 
11177-18 122084 19.0 4.14 1. 1 0.0 18.4 
1'l77-2 122085 18.5 4.43 1.2 13.6 16.5 
11178-1 122086 19.0 5.08 1.1 0.0 21.1 
l'(77-l( 122087 19.5 4.59 1.2 2.5 28.7 
11178-6 122088 18.5 3.27 1.0 0.0 19.2 
1477-11 122089 19.0 5.27 1.3 0.0 5.3 
1478-12 122090 19.0 4. 10 1.2 7.9 39.5 
1II77-18A 122091 19.0 2.67 0.7 13.2 36.8 
11178-10 122092 18.5 3.23 1.0 0.0 43.6 
11177-20 122093 19.0 4.42 1.1 0.0 15.0 
11178-15 122094 18.5 4.42 1.2 0.0 24.3 
1'I79-1 122095 19.0 3.70 1.2 2.6 31.6 
11(79-15 122096 18.5 3.76 1.0 0.0 13.6 
11179-2 122097 19.0 3.57 1.1 0.0 21.1 
11180-18 122098 19.0 3.75 1.3 2.6 39.5 
1'l79-lt 122099 19.5 4.54 1.2 2.5 36.2 
1480-21 122100 19.0 '). 04 1.0 5.3 7.9 
11151-9 X 1451-13 211001 19.0 4.34 1.0 13.2 21.1 
11)51-1 X 1452-9 211002 19.0 5.12 1.0 2.6 26.3 
11)51-2 X 1452-16 21:003 19.0 4.47 0.9 2.6 42.1 
1'151-4 X 1452-3 211004 18.5 5.43 1. 1 8.3 32.5 
X 1H5Î-20 2U(J05 19.0 5.39 1.2 0.0 52.6 
1452-1 X 1452-15 211006 18.5 4.67 1.0 5.6 29.8 
1452-6 X 1452-8 211007 19.5 5.33 1.4 17.8 53.8 
1452-11 X 11)55-21 211008 18.5 3.68 0.8 27.6 51.2 
1453-10 X 1453-12 211009 19.5 4.07 1.0 5.1 58.8 
1453-7 X 1454-12 211010 18.5 5.01 1.0 5.3 21.9 
1453-8 X 1454-10 21 ton 19.0 5.36 0.9 23.7 36.8 
1453-18 X 1457-4 21 1012 19.5 5.43 1.0 2.5 13.0 
1453-19 X 1454-13 211013 19.0 5.14 1 .0 0.0 31.6 
1454-11 X 1455-9 211014 19.0 4.19 0.9 7.9 65.8 
1454-5 X 1456-6 211015 19.0 4.34 0.9 5.3 28.9 
PEDIGREE 
11155-1) X 11)56- 13 
1'i5'l-1 X 1'158-7 
1i|5'l-2 X 1455-1 
11)55- 5 X 11)55-12 
11)55-7 X 11)55-10 
1li55-6 X 11)57-15 
11)56-12 X 11)56- 1') 
11)57-1 X 11)58- 16 
11)57-2 X 11)58-10 
1H57-6 X 1058- 3 
11)57- 17 X 1')58-2 
11)57-5 X 11)59-5 
1')59- 1 X 11)59- ') 
11)59- 3 X I'l60- 11 
1<)59-9 X 11)60-8 
11)59- 13 X 11)60- 18 
1')59- 15 X 11)60- ') 
11)60-5 X 11)60- 10 
11)53- 1 X 11)53-2 
2691-6 X 2692-5 
2691- 12 X 2692- 13 
2691-19 X 2692- 17 
2693- 1 X 2693- 12 
2693- 2 X 269')-2 
2693- 5 X 269')- 1 
2693-9 X 269')-6 
2693- 11 X 2694- 15 
2693- 13 X 269')- 7 
2695- 13 X 2696- 22 
2695- 16 X 2696- 19 
2695- 17 X 2695-22 
2697- 3 X 2698- 17 
2697- ') X 2697- 10 
2696- 1 X 2696- 13 
2697- 11 X 2698- 1') 













































I). 75 0. 
6.06 1 . 
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2691-12 212071 I'l.5 
2692-13 212072 15.5 
2691-19 212073 19.0 
2692-17 2120711 17.5 
2693-1 212075 19.0 
2693-12 212076 18.5 
2693-2 212077 19.0 
269/1-2 212078 18.5 
2693-5 212079 18.5 
2691,-1 212080 17.0 
2693-9 212081 18.5 
26911-6 212082 18.5 
2693-11 212083 19.0 
26911-15 21208'» 19.0 
2693-13 212085 17.5 
26911-7 212086 18.5 
2695-13 212087 18.5 
2696-22 212088 18.5 
2695-16 212089 19.0 
2696-19 212090 19.0 
2695-17 212091 19.0 
2695-22 212092 15.0 
2697-3 212093 15.0 
2698-17 21209'! 19.0 
2697-'» 212095 17.0 
S;j°  '<î:î 
1S:§ 
2698-1'! 212100 19.0 
11,61-3 X 1'161-10 221001 19.0 
11,61-'» X 1'162-13 221002 19.0 
11,61-5 X 1'l62-5 221003 19.0 
11,61-7 X 1'162-6 22100'» 19.0 















































































































1'l61- 18 X '162-21 
1'l62-10 X '!62-1 1 
1063-9 X '!69-6 
l'l62-17 X '!62-22 
I'l62- 12 X '!62-19 
11|62- 1'! X '163-2 
I'l63- 17 X ' l6'l-17 
I'l62-2'! X '!66-15 
1'l63-6 X '!63-10 
1163-19 X '|6'!-'4 
1i|6i|-2 X '!6'!-6 
1l!6'»-13 X '|6'!- 16 
1'!6'l-8 X '16'!-12 
1'!6'1-1'! X ' l65-'l 
ll!6'l-15 X '165-3 
T»65-10 X '165-13 
1I!65-7 X '166-12 
1'!65-8 X ' l66-11 
li|65-9 X '166-22 
l'l65-11 X ' l66-1 ') 
l 'l65-12 X '!66-19 
1'!65- 15 X 066-16 
1'!65-18 X '!66-18 
1'!66- 1 X 066-5 
ll!67- 10 X 067-16 
l'!67-1 X 068-5 
1'!67- '» X 068-1 
1'!67-5 X 068-8 
1'!67-9 X 068-13 
ll!67-17 X 068-15 
1'!67- 1 1 X 068-10 
1'!67- 1'!A X 1068-20 
1068- 3 X 069-17 
1'!68-9 X 068-17 
1469- 1 X 070-22 




















































































































































1')69-2 X l ')70- 13 
1')69-3 X 1')70- 3 
1')69-7 X l')70-5 
l')69-9 X 11)70-6 
11)69-10 X l ')70-7 
1'|69-16 X 1')70-18 
1'169-18 X 1')70-21 
11)69-21 X l ')70-17 
l')70-1 X 1')70-20 































2210') 3 19.0 
2210')') 19.0 































YIELD EPP RTLG STKLG 
Mg/ha % % 










'1.86 1. 1 
4.52 1.6 
3.59 1. 1 
3.70 1.0 
'1.00 1.1 
').53 1. 1 
I). 39 1. 1 
3.66 0.9 
'). 35 1. 1 
2.90 1.2 
'1.81 1.4 
'). 10 1. 1 
3.58 0.9 
5.30 1.3 
I). 08 1.2 
I). 27 1.3 






4. 12 1.2 





































PEDIGREE ENTRY NO STAND YIELD EPP RTLG STKLG 
PLANTS Mg/ha % % 
/PLOT 
II166-I5 222026 19.0 3.60 1.6 7.9 34,2 
1 '163-6 222027 19.0 3.88 1.0 0.0 26,3 
I'l63-10 222028 17.5 'I.'l6 1. 1 11.0 14,6 
11163-19 222029 18.5 '1.56 1. 1 0.0 16, 1 
I'l6'l-l| 222030 18.5 '1.11 1 .'1 2.6 24, '1 
1'l6'J-2 222031 19.0 '1.65 1.7 18.4 10,5 
1'l6l|-6 222032 19.0 '1.72 1.5 5.3 34.2 
I'l6l|-13 222033 19.0 '1.99 1.5 23.7 0.0 
1'(6'(-16 22203'! 20.0 6.21 1.5 2.6 26.7 
T16II-8 222035 19.5 3.20 1.0 2.8 18.7 
I'l6'l-12 222036 17.5 '1. B'I 1.5 0.0 5.3 
l'l6'l-1i| 222037 19.0 '1.05 1.3 2.6 21. 1 
I'l65-1 222038 19.0 '1.03 1.1 13.2 26.3 
I'l6'l-15 222039 19.0 5. 11 1.2 0.0 10.6 
1'l65-3 2220'I0 19.0 3.82 1.2 13.2 34.2 
I'l65-10 2220'n 18.5 5.15 1.3 2.8 38.5 
I'l65-13 2220'I2 18.5 '1.33 1.2 0.0 0.0 
11165-7 22201)3 19.0 '1.12 1.2 5.3 5.3 
II166-I2 2220'! l| 18.5 '1.61 1.3 10.7 30.0 
1'l65-8 2220'l5 19.5 '1.31 1. 1 0.0 28.3 
II166-11 22201)6 18.5 3.09 0.9 27.3 16.4 
1'l65-9 22201)7 18.5 '1.60 1.3 35.1 27.0 
1'l66-22 2220'l8 19.5 2.79 0.9 2.6 18.0 
ll|65-11 2220119 10.0 3.59 1.1 2.9 27.9 
1 ^ 66-1 'I 222050 19.0 3.2'l 1.1 0.0 39,5 
l'l65-12 222051 19.0 7.17 l.'l 0.0 13,2 
II166-I9 222052 18.0 5.05 1.6 11.1 41,7 
l'l65-15 222053 19.0 2.98 1.1 2.6 65.8 
11|66-16 22205') 20.0 5.31 1.3 2,6 2.6 
I'l65-18 222055 18.5 1.52 0.8 0.0 38.0 
I'l66-18 222056 19.5 '1.47 1.2 33,7 25.4 
1466-1 222057 19.5 '1,70 1.6 2.5 10.3 
1 '166-5 222058 18.0 '1.71 1.3 2.8 4'). 4 
1'167-10 222059 17.0 '1.88 1.4 2.8 14.9 
1'(67-16 222060 19.0 5.27 1.2 5.0 21.4 
PEDIGREE ENTRY NO STAND YIELD EPP RTLG STKLG 
PLANTS Mg/ha % % 
/PLOT 
11167-1 222061 18.5 3.78 1.2 0.0 8.4 
II168-5 222062 20.0 3.20 1.2 9.8 32.5 
1<I67-'I 222063 19.5 4.61 1. 1 0.0 10. 1 
11168-1 222064 19.0 4.23 1. 1 42. 1 23.7 
11167-5 222065 18.5 5.53 1,6 2.8 35.2 
1468-8 222066 19.0 4.77 1,1 0.0 10,5 
1'(67-9 222067 19,0 4.67 1.0 2.6 18,4 
11168-13 222068 19.0 5,79 1.7 2.6 10.5 
11)67-17 222069 18.0 4.63 1.4 0.0 5.3 
1'168-15 222070 18,0 Il. 44 1.1 0.0 16.7 
11167-11 222071 18.5 3.90 1 .0 0.0 26,9 
Tl68-l'l 222072 18.0 4.08 1.4 2.9 19.7 
11167-l'iA 222073 18.5 4.25 1. 1 0.0 13.6 
1'168-20 222074 18.5 3.99 1 . 1 0.0 21,5 
1468-3 222075 19.0 4.54 1,1 2.6 18.4 
1'169-17 222076 19.5 3.06 1.0 0.0 0.0 
1'168-9 222077 18,5 5.51 1.2 2.6 13.6 
I'l68-17 222078 19.5 3.99 1.3 2.5 43.4 
11169-1 222079 19.0 2,68 0.8 21.1 15.8 
11170-22 222080 18,5 4.21 1.2 21.9 21.3 
11169-2 222081 15,5 3,56 1.0 3.1 29.4 
11170-13 222082 18.5 4,33 1.1 8.0 2.8 
1469-3 222083 18.5 4,05 1.2 8.2 32.2 
1470-3 222084 18,5 4,37 1.4 0.0 10.7 
1469-7 222085 19,0 2.28 1 .1 0,0 23.7 
1470-5 222086 19.5 4.65 1.2 10,3 10.0 
1469-9 222087 11,0 3.52 1.8 19,2 23.3 
1470-6 222088 19,0 4.88 1.2 0,0 31.6 
1469-10 222089 19,0 3.99 1.0 10,5 26.3 
1470-7 222090 19,0 3.80 0,9 5,3 21,1 
1469-16 222091 19,0 2.23 1.1 2.6 34,2 
1470-18 222092 18,5 3.56 1.0 0.0 32,5 
1469-18 222093 19.0 3.42 1.5 10.6 41,9 
1470-21 222094 18.5 5.15 1.2 0.0 21.9 
1469-21 222095 18.0 3.68 1.4 2.8 72.2 








222096 18.5 l(.5l| 1.'( 0.0 8.2 
222097 19.0 5.31 1.8 7.9 21.1 
222098 19.0 '(.29 l.'( 7.8 21. 1 
222099 19.0 5.28 l.'l 0.0 28.9 
222100 18.5 l(.3i( 1. 1 10.8 16.2 
MEAN: 18.6 '(. '(0 1. 1 5.3 28.5 
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Î  "  "  "  "  
I  « - « - ^V O O N  \O i f \Oh ' .C \  OOOscOt fN  U'N r - ÇVJ  0 \  C^OiTNP^  
•  ( \ j  ^  T— C\ ]  V  CM CM ^  ^ ^  CM ^  CM  CM^  ^  ^  t - ^  ^  ^  CM  CM ^  ^  
I  iT i JCOfOCM —r^C M^O VOCOCNSOO vo r^OCNvO ONC O^C M »-  O i fNCvvOtTv  ^CVJO ' - r -
—  j  c vOiTNO^O^ ^CN*"irNOO OOCMCNCVJ CSJOCMCNCM On03^^^  POif\r^CMO\ JtfNfOCOCM 
% O  Oo OOCVJC\  fnCMCMCOCVJ  eOfO^c^CVJ  CCNCMCm- «-CVJOtnOv C\00 —CM 
J l  CMCM«—CUCM CM*-CMCM»-  CU CM CM  CM CM  CM  CM  CM  CM  CNJ  CVJ  * -CM f—CU CU CM CM CM  ^  « -CM C\J  CM CM  
POC OC NC O^ Or« -« - roCN 0 \ cc0vû0  CM  CM O  O  CU O  CO CM  Os iTv  r -CO Cs O s O  
-a - sOCMCMsO (AOCViTkNO CMCOr-CSvO a 'CO ' - i fMA CMiTNOtTkVO C c^vO\ C «*)  
^ C N O ^ O  1 — « * 9 « — O P O O ^  ^ C S C M O ^  • - C M  ^  C M  0 \  
0C 0 ; r \ 0  OiTMnOi fN  O i fMTiO O  Oi fMTNOO OOiTv i fMfN 
, -CNf^oxco  co>-CNC\ f^  f ^ tTNj^ocv  r - r -CNooo  
c^ 'CMCMcnCM mCMCMC MC M CMCMCMCMCVJ  rOCMroCVJCM CMf OCMcOCM CMCMCMCMCO 
— « - C M f O i - i f N  N O r ^ C O O S O  « —  C M  i T v  v O f ^ C O O v O  C M  J T i T k  
O O O O O  o o o o o  o o o o o  o o o o o  o o o o o  o o o o o  o o o o o  
M 0 \ ^  P ^ON 
cc  s  lAOON^P" -
< u  
w  
I— 
0  C£ i fN iTNO 
w  0  
- i  f— m  C\  CO C \  ^  




a .  
O  VOPO f -COCv^O CM  O  C  M > .  3  Q 
• -  i n  r -  » — m  ^  ^  ^  r -C M C0^» -«—^ CM»—nO^CM 
*  *  %  I  I  l l l l l  l l l l l  l l l l l  l l t i t  I t l l l  l l l l l  
W  CM CM CM CM CM CM CM CM CM fOC MCM^^  i TM TM fV N O O  \ 0  \ 0  vO CO  CO CO CO  CO  CO  
x x x x x  x x x x x  x x x x x  x x x x x  x x x x x  x x x x x  x x x x x  
]  > - j i nvo r» -  o  m~\o  c  \o  CM  
S  ;  T T T  — ^  c u v o j c j v o  — V O - M M  j r ; f \ o v — m  v o o \ — r ^ < -
l l l l l  l l l l l  l l l l l  l l l l l  l l l l l  l l l l l  l l l l l  
— « M t n i r M T v  i r i i r > ; r \ i r M n  i n i r M T i v o t ^  i ^ f - o o e o e o  
PEDIGREE 
1'1118-10 X 1'»'»8-18 
l'll|9-3 X l'»50-3 
1/(1)9-') X 1150-11 
1'»'l9-5 X 1'I50-1 
1'lll9-9 X ll|50-5 
2671-1 X 2672-3 
2671-10 X 2672- 1 
2671-19 X 2672-22 
2673-1 X 2673-5 
2673-16 X 2671-21 
2675-17 X 2676-9 
2677-2 X 2678-7 
2677-20 X 2678-16 
2680-11 X 2680-12 





























11 lO'tl 29.5 
11 I0'|2 28.0 
1110113 27.5 
11 lO'l'l 29.5 
1110115 26.0 












































































221 . 1 









































1 '* .  1  
29.8 
21.8 



























I ' l ' l 5 -1  
1 I | I | 5 -10  
1 i | i | 5 -8  














I ' | i | 6 -10B  
1'»'l5-9 

























1 120113 37.5 
IKiO'lll 29.5 
















121 . I |  












98 .  f |  
9 5 . 7  












92 . 8  
9 1 . 5  
99.5 
115.5 



















































18 .  I l  
11.6 
16.6 



























11 (1 )8 -1  
11 (1 (8 -11  
1l('(8-7 
11 (1 (8 -1 ' (  
11 (1 (8 -12  
1I|<(8-15 


























































EARIIT PLTIIT TDN 
cm cm 
91.7 171.8 25.8 
104.0 191.5 17.8 
98.1 209.0 21.2 
89.5 183.7 13.3 
80.0 173.4 11.1 
84.9 166.4 10.9 
93.1 184.2 15.5 
70.3 139.5 21.9 
116.2 198.4 24.8 
88.3 163.8 25.0 
95.5 190.1 15.5 
111.0 202.6 13.5 
108.9 207.7 19.0 
91.1 191.7 20.8 
99.9 200.8 18.8 
81.0 165.9 19.6 
123.9 218.6 18.8 
102.5 182.0 19.2 
86.1 184.I 12.1 
92.6 193.3 12.1 
104.0 204.1 13.6 
65.7 168.2 17.2 
104.4 193.2 18.4 
101.9 201.3 16.6 
98.2 199.5 20.3 
107.6 215.2 25.6 
93.0 198.5 18.5 
105.9 173.2 21.8 
96.7 182.4 14.3 
95.8 183.8 26.4 
99.4 187.2 13.8 
126.0 233.6 15.0 
134.7 234.2 10.6 
99.5 205.8 13.0 












11171-1 X 472-1 
1471-4 X 472-10 
11171-5 X 472-9 
1471-7 X 472-7 
1471-8 X 472-19 
1471-10 X 472-5 
1471-11 X 472-15 
1471-17 X 472-8 
1471-18 X 472-21 
1471-19 X 472-22 
1472-12 X 472-16 
1472-17 X 472-18 
1472-14 X 473-18 
1473-1 X 474-1 
1473-2 X 473-10 
1473-4 X 474-8 
1473-5 X 474-10 
1473-6 X 474-9 
1473-7 X 474-2 
1473-9 X 474-16 
1473-11 X 473-14 
1473-12 X 474-11 
1473-13 X 474-15 
1473-17 X 474-18 
1473-19 X 474-13 






































EARHT PLTHT TBN 
cm cm 
112.3 220.0 l'l.9 
99.3 18'!. 1 15.3 
107.1 193.7 12.5 
1 2 0 . ' !  217 .6  15 .0  
9'!. 9 2011.8 9.5 
93.'! 182.0 15.6 
102.9 197.'! 11.3 
120.7 229.9 10.8 
1I|6.0 239.0 12.5 
101.9 185.3 16.4 
127.6 239.7 15.1 
110.1 198.2 21.2 
130.5 222.6 20.1 
96.7 197.6 16.5 
108.6 190.1» 18.0 
91.8 198.1 23.4 
116.1 225.0 17.3 
111.6 198.2 20.8 
106.2 216.0 I'l.O 
122.2 215.0 20.6 
121.5 221.3 13.9 
118.2 230.7 15.1 
104.7 213.2 19.3 
111.9 230.5 19.9 
138.2 238.2 18.6 
108.5 200.7 15.8 
108.9 205.2 19.0 
103.3 185.9 19.8 
115.'» 220.1 16.5 
118.5 213.2 20.2 
100.2 19'!. 7 18.6 
12'!.2 216.9 20.1 
105.0 201.6 15.9 
1011.7 190.7 19.1 
95.6 196.9 19.5 
PEDIGREE 
1473-20A X 1474-17 
1473-20 X 1070-') 
1473-21 X 
1473-22 X 
1475-1 X 1476-2 
1475-3 X 1476-11 
1475-4 X 11176-8 
1475-5 X 1076-9 
1475-6 X 1476-1 
1475-7 X 1476-4 
1475-8 X 1476-5 
1475-12 X 1476-17 
1475-13 X 1476-12 
1476-16 X 1476-10 
1476-7 X 1477-7 
1477-5 X 1477-19 
1477-14 X 1477-16 
1477-2 X 1478-1 
1477-4 X 1478-6 
1477-11 X 1478-12 
1477-18A X 1478-10 
1477-20 X 1478-15 
1479-1 X 1479-15 
1479-2 X 1480-18 

















































EARIIT PI.TIIT TON 
cm cm 
119,6 226.5 19.4 
114.1 222.9 22.0 
118.2 223.3 27.1 
116.5 198.7 18.0 
122.4 217.5 21.4 
102.6 200.8 18.0 
106.6 197.5 19.4 
107.0 199.8 19.7 
127.8 225.5 18.9 
120,4 215,6 18.2 
107.7 205,0 18,8 
100.7 220,5 16,4 
115.8 227.5 13.2 
114.8 223.8 24.2 
112.0 207.5 22.7 
119,7 214,2 19,6 
126.0 231.1 18.6 
111.1 224.1 19.5 
97,2 202,5 18,0 
123,4 218,8 19.7 
113,7 210,6 16,0 
119.9 240,9 17,3 
130.3 238.7 16,1 
108.3 216.7 17.9 
123.2 224.6 19.7 
90.9 187.8 12.8 
123.7 228,0 15.0 
90.0 174.1 18.0 
109.6 203.5 17.7 
108.4 188.1 12.2 
108.3 204.0 22.3 
66.2 161.1 18.0 
95.0 178.7 18.9 
76.8 155.2 22.3 
116.4 205.5 9.9 
PEDIGREE ENtKY NO SI KD 
AFTER 
6/30 
1'»71-10 122011 32.0 
11172-5 122012 30.5 
1/171-11 122013 32.5 
1/172-15 122011» 35.5 
1/»71-17 122015 33.0 
1/(72-8 122016 32,5 
1/171-18 122017 32.5 
1l»72-21 122018 30,5 
1/»71-19 122019 30.5 
1l»72-22 122020 32.0 
1/172-12 122021 28.5 
1/172-16 122022 29.5 
1/172-17 122023 31.5 
1/»72-18 122021» 35.0 
n* 72-1/1 122025 29.5 
1/»73-18 122026 32.0 
1/»73-1 122027 31.5 
l/|7/»-1 122028 29.0 
1/»73-2 122029 28.5 
1/»73-10 122030 30.0 
1II73-I» 122031 29.0 
1/*7'»-8 122032 29.5 
1473-5 122033 29.0 
1l|7/»-10 122031» 30,0 
1/173-6 122035 25,5 
1/»7/»-9 122036 33.0 
1/»73-7 122037 29.5 
l/t7/»-2 122038 29.0 
1/173-9 122039 28.5 
1'»7/»-16 122040 28.5 
1/»73-11 1220/11 27.0 
ll»73-1/» 1220/12 27.5 
1/173-12 1220/13 30.0 
1'»7/»-1 1 1220/»/» 33.0 
11173-13 1220/»5 33.5 














































































1 ' » . 1  
10./» 
1/1.9 


















1 5 . 8  
15.1 
22 . /»  













































1220') 7 32.0 
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11)55-7 X 11)55-10 
11)55-6 X 11)57-15 
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11)57-2 X 11*58-10 
1')57-6 X 1')58-3 
11)57-17 X 1')58-2 
11)57-5 X 1'159-5 
l/)59-1 X 11)59-'! 
11)59-3 X T)60-11 
11)59-9 X 1'460-8 
11)59-13 X 1'160-18 
11)59-15 X 1')60-'! 
11)60-5 X 1')60-10 
11)53-1 X 1')53-2 
2691-6 X 2692-5 
2691-12 X 2692-13 
2691-19 X 2692-17 
2693-1 X 2693-12 
2693-2 X 269')-2 
2693-5 X 269')-1 
2693-9 X 269l)-6 
2693-11 X 2691-15 
2693-13 X 269l)-7 
2695-13 X 2696-22 
2695-16 X 2696-19 
2695-17 X 2695-22 
2697-3 X 2698-17 
2697-') X 2697-10 
2696-1 X 2696-13 
2697-11 X 2698-1') 
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EARHT PLTHT TON 
cm cm 
101.8 203.3 16.9 
117.1 230.1 17.1 
102.'1 188.7 17.9 
111.2 210.0 19.2 
86.6 189.6 18.5 
97.(1 192.'I 2'l.9 
80.8 201.8 11. (1 
112.5 200.1 17.8 
121.0 207.1 20.3 
100.7 202.6 21.4 
119.3 219.0 16.9 
116.0 207.9 20.3 
122.(1 220.3 18.5 w 
120.5 198.1 15.2 ^ 
95.0 190.3 16.0 
131.6 227.6 21.Il 
78.6 183.1 18.1 
130.7 223.6 21.8 
85.(1 183.0 10.8 
111.8 201.7 19.2 
130.8 231.(1 20.8 
131.9 2(|5.5 10.3 
12'1.9 2'l6.8 18.0 
139.'» 228.9 20.9 
9'».0 210.2 13.9 
115.1 232.9 19.8 
105.3 18'l. 1 23.5 
128.7 213.1 15.1 
129.1 220.3 17.1 
126.0 211.6 19.3 
155.5 S'il.'l 23.9 
101.6 211.5 18.5 
103.3 209.1 11.1 
112.1 219.1 17.5 
108.2 215.9 21.8 
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1 r-1 —1 
\Ji ^OCOVJl o->i-^oo o c o vn w ro 09^090 corof 0*-4 ^ Co ro o ^ 
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f\3 fo fV3 -* fo 
O ^NO — 
f\3 -* oj ro 
-»^OJCOVO 
lO fo ro ro 
ro oo^ro 09 ro CO COO 
^ ro>^ fo ro ro 
—. -U CO CO 
1 C3 
1 ^ 
^COww o 00 ro o\o •>J 090 0 ^ -^OCsOJï cocoo\->iO 1 
LIZ 
Ml) 1 GREE ENTRY NO SLKD 
AFTER 
6/30 
2691-12 212071 32.0 
2692-13 212072 33.5 
2691-19 212073 36.0 
2692-17 21207'» 33.0 
2693-1 212075 36.0 
2693-12 212076 38.0 
2693-2 212077 30.5 
26911-2 212078 37.0 
2693-5 212079 32.0 
26911-1 212080 31.5 
2693-9 212081 3'l.0 
269I»-6 212082 33.5 
2693-11 212083 37.5 
269'»-15 21208'» 36.0 
2693-13 212085 33.0 
269'»-7 212086 31.5 
2695-13 212087 35.0 
2696-22 212088 29.5 
2695-16 212089 3't.O 
2696-19 212090 32.5 
2695-17 212091 34.5 
2695-22 212092 33.0 
2697-3 212093 32.0 
2698-17 21209') 33.0 
2697-'» 212095 37.5 
2697-10 212096 33.0 
2696-1 212097 34.0 
2696-13 212098 38.0 
2697-11 212099 31.0 
2698-1'» 212100 34.0 
1'(61-3 X 1'l61-10 221001 29.0 
1i»61-'» X 1'»62-13 221002 26.5 
1i|61-5 X 11)62-5 221003 31.0 
1'161-7 X 1'162-6 22100'» 31.0 
1'»61-17 X 11(62-20 221005 30.0 
EAHHT PLTIIT TON 
cm cm 
138.7 257.5 13.9 
122.1 257.5 22,3 
119.5 213.7 17.I| 
105.3 213.6 20.7 
IHl.O 225.3 I'l.O 
108.3 222.3 16.5 
152.2 2't6.5 15.8 
1<l7.0 2'I0.6 2't. i| 
92.3 187.7 16.0 
115.2 215.6 20.2 
120.1# 230.0 2'l.1 
125.1 223.2 18.1» 
155.3 2511.2 21.6 
I'll .5 231.3 30.6 
118.0 223.7 Tl,6 
128.3 226.5 19.5 
91.6 189.0 17.8 
126.2 213.3 18.7 
132.6 235.9 21.8 
132.5 221.8 19.9 
147.9 2'I2.6 16.9 
108.0 216.8 17.8 
113.6 206,9 23,9 
128.5 215.9 28.8 
119.'I 222.9 17.2 
126.0 237.2 2/1.7 
127.8 223.7 15,3 
124, l| 236.3 21.0 
105.8 195.7 15.0 
112.0 215.1 18.'t 
118.3 230.3 I'l. 6 
97.'I 206.2 I't.l 
121.7 218.3 20.8 
121.6 239.6 19.7 
127.1» 222.9 18.6 
PCDIGREE: ENFHY NO SLKOR 
AFTER 
6/30 
11161-18 X 1'l62-21 221006 32.0 
1062-10 X 1062-11 221007 30.0 
1063-9 X 1069-6 221008 26.0 
1062-17 X 1062-22 221009 31.5 
1062-12 X 1062-19 221010 30.0 
1062-10 X 1063-2 221011 29.5 
1063-17 X 1060-17 221012 30.5 
1062-20 X 1066-15 221013 31.0 
1063-6 X 1063-10 221010 30.0 
1063-19 X 1060-0 221015 29.0 
1060-2 X 1060-6 221016 29.0 
1060-13 X 1060-16 22 1017 30.0 
1060-8 X 1060-12 221018 28.5 
1060-10 X 1065-0 221019 32.5 
1060-15 X 1065-3 221020 32.0 
1065-10 X 1065-13 221021 29.0 
1065-7 X 1066-12 221022 29.5 
1065-8 X 1066-11 221023 32.0 
1065-9 X 1066-22 22I020 27.0 
1065-11 X 1066-10 221025 31.0 
1065-12 X 1066-19 221026 27.0 
1065-15 X 1066-16 221027 29.0 
1065-18 X 1066-18 221028 31.0 
1066-1 X 1066-5 221029 29.5 
1067-10 X 1067-16 221030 27.5 
1067-1 X 1068-5 221031 26.5 
1067-0 X 1068-1 221032 28.5 
1067-5 X 1068-8 221033 30.0 
1067-9 X 1068-13 221030 29.0 
1067-17 X 1068-15 221035 28.5 
1067-11 X 1068-10 221036 30.5 
1067-10A X 1068-20 221037 28.0 
1068-3 X 1069-17 221038 29.0 
1068-9 X 1068-17 221039 27.5 
1069-1 X 1070-22 221000 33.0 
EARHT PLTHT TON 
cm cm 
121.0 225.3 16.8 
127.9 228.5 16.2 
112.9 209.5 16.9 
126.6 227.3 10.2 
113.1 209.3 17.7 
121,0 239.0 16.0 
128.9 202.0 10.5 
150.0 258.1 21.6 
120.3 236.6 16.8 
123.2 230.0 19.7 
133.2 206.6 16.7 
102.8 201.8 18.3 
110.2 226.9 18.0 
108.1 255.0 13.6 
101.9 250.1 10.6 
115.1 213.5 17.2 
112.5 213.1 20.2 
133.0 231.2 19.0 
109.5 197.2 16.1 
110.0 210.2 18.2 
121.0 217.0 19.9 
113.9 212.2 16.3 
101.8 229.0 10.9 
111.9 217.2 17.5 
107.3 210.5 19.6 
97.8 200.8 10.3 
120.1 225.0 17.7 
123.9 210.0 18.6 
108.6 211.3 16.0 
113.9 210.7 21.0 
105.0 252.9 21.6 
118.3 225.1 19.7 
110.7 215.8 16.0 
106.2 219.6 10.1 
137.5 209.1 17.8 
PEDIGREE ENTRY NO SLKO 
AFTER 
6/30 
1469-2 X 1470- 13 221041 26.5 
1469-3 X 1470- 3 221042 29.0 
1469-7 X 1470-5 221043 32.0 
1469-9 X 1470-6 221044 29.0 
1469-10 X 1470-7 221045 31.5 
1469-16 X 1470-18 221046 34.5 
1469-18 X 1470-21 221047 32.5 
1469-21 X 1470-17 221048 29.0 
1470-1 X 1470-20 221049 29,0 
1470-11 X 1470-16 221050 33.5 
1461-3 222001 29.0 
1461-10 222002 32.5 
1461-4 222003 29.0 
1462-13 222004 26,5 
1461-5 222005 33.0 
1462-5 222006 31.0 
1461-7 222007 33.5 
1462-6 222008 32.5 
1461-17 222009 29,0 
1462-20 222010 34,0 
1461-18 222011 34.0 
1462-21 222012 32.0 
1462-10 222013 34.0 
1462-11 222014 32.5 
1463-9 222015 27.5 
1469-6 222016 27.5 
1462-17 222017 37.5 
1462-22 222018 32.0 
1462-12 222019 31.5 
1462-19 222020 29.0 
1462-14 222021 33.0 
1463-2 222022 30,5 
1463-17 222023 33,0 
1464-1r 222024 33.5 
1462-24 222025 30,0 
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1 ' l6')-6 
I ' l6l(-13 
1<l6'l-16 
1l |6'l-8 




















1 ' (66-18 

























2220'( '(  31.5 
2220'(5 35.0 
22201(6 3'(.5 













222060 29.0  






















































































1 2 . 1  
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28 .0  
EARIIT PLTIIT TBN 
cm cm 
7'4.6 171. '4 114.1 
87.0 165.6 114.'» 
105.2 209.1 15.5 
103.7 181.1 18.5 
121. '4 213.2 16.U 
98.8 19'4. 1 17.8 
123.2 218.3 17.5 
110.7 216.8 12.14 
107.1 197.8 l ' i . l  
97.9 185.8 21.5 
110.6 219.6 18.7 
129.9 236.7 16.3 
79.1 158.0 16.5 
99.5 192.1 20.0 
95.2 202.8 12.7 
79. '4 153.3 18.5 
96.0 209.9 15. '4 
120.1 205.7 20.5 
115.0 212.7 13.0 
12'».5 235.8 114.5 
82.5 167.9 12.8 
99.9 2014.1 17. '4 
96.0 211.7 15.3 
113.2 221.1 10.2 
138.9 2'47.0 10.2 
103.3 197.8 II4.I 
121.3 233.1 12.2 
109.2 227.8 19.0 
122.5 209,8 18,2 
96.0 197.6 17.6 
112.7 211.7 l '4.0 
109.6 209.8 114.7 
127.6 220.2 16.2 
132.0 2145.3 1'4.8 
103. '4 203.2 12.6 
N> 
N) 
PEDIGRtE ENTRY NO SLKOT EARIIT PLTHT TON 
AFTER cm cm 
6/30 
11170-17 222096 31.0 99.3 209.8 17.1 
1'|70-1 222097 29.0 132.3 221». 8 10.2 
11(70-20 222098 29.0 1111.2 206.9 18. 1 
1470-11 222099 32.5 119.7 226.6 19.9 
11470-16 222100 33.0 108.6 206.8 Tl.9 





APPENDIX E, ENTRY MEANS OF TRAITS EVALUATED IN THE EXPERIMENT 
CONDUCTED NEAR KANAWHA IN 1984 
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1448-10 X  1448-18 
1449-3 X 1450-3 
1449-4 X 1450-11 
1449-5 X 1450-4 
1449-9 X 1450-5 
2671-1 X 2672-3 
2671-10 X 2672-1 
2671-19 X 2672-22 
2673-1 X 2673-5 
2673-16 X 2674-21 
2675-17 X 2676-9 
2677-2 X 2678-7 
2677-20 X 2678-16 
2680-11 X 2680-12 



























































YIELD EPP RTLG STKLG 
Mg/ha % % 
4.33 1.0 










































2 . 2  8 9 . 0  
0.0 1(8.9 
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0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
4.5 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
2 .1  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 .0  
2 .8  
0 . 0  
0 . 0  
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POVOCNVOCN O CN •— ir\ J coiTsf^tTNCO iTv CO CO CN J" fO r-r-^ ÇNJ CM iTN r-
cnjocono ooj'^'-ir* coovo^j OP^^CN^ 
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1). 70 1.0 
5.56 1. 1 
1.61 1.3 
6.18 1.1 










RFLG STKLG DRPEAR 
% % % 
9.3 32.6 0.0 
11.9 29.5 0.0 
0.0 78.6 2.3 
31.1 10.3 0.0 
0.0 67.1 0.0 
0.0 29.5 0.0 
0.0 11.1 0.0 
2.1 22.7 0.0 
7.0 21.0 0.0 
2.3 51.5 0.0 
0.0 23.9 0.0 
0.0 50.7 0.0 
6.5 26.8 0.0 
10.6 19.3 0.0 
2.6 21.9 0.0 
10.1 15.2 0,0 
7.5 11.8 0.0 
0.0 12.9 0,0 
2.1 1)0.5 0.0 
7.1 16.5 0.0 
0.0 12.7 2.1 
0.0 36.9 0.0 
2.1 27.9 0.0 
0.0 55.0 0.0 
0.0 13.3 0.0 
2.1 17.6 0.0 
11.8 26.8 0.0 
0.0 15.3 0.0 
0.0 10.1 0.0 
11.3 37.9 0.0 
22.3 39.6 0.0 
0.0 27.3 0,0 
1.5 25.6 0,0 
1.1 17.1 0.0 
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YIELD EPP RTLC STKLG 
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0 . 0  
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1155-'1 X 1156-13 
1151-1 X 1158-7 
1151-2 X 1155-1 
1155-5 X 1155-12 
1155-7 X 1155-10 
1155-6 X 1157-15 
1156-12 X 1156-11 
1157- 1 X 1158- 16 
1157-2 X 1158-10 
1157-6 X 1158-3 
1157-17 X 1158-2 
1'I57-5 X 1159-5 
1159-1 X 1159-1 
1159-3 X 1160- 11 
1159-9 X 1160-8 
1159-13 X 1160-18 
1159-15 X 1160-'1 
1160-5 X 1160-10 
1153-1 X 1153-2 
2691-6 X 2692-5 
2691- 12 X 2692- 13 
2691- 19 X 2692- 17 
2693- 1 X 2693- 12 
2693-2 X 2691-2 
2693-5 X 2691- 1 
2693-9 X 2691-6 
2693- 11 X 2691-15 
2693-13 X 2691-7 
2695- 13 X 2696-22 
2695-16 X 2696-19 
2695- 17 X 2695-22 
2697- 3 X 2698- 17 
2697-1 X 2697- 10 
2696- 1 X 2696- 13 
2697- 11 X 2698-11 
ENTRY NO STAND 
PLANTS 
/PLOT 

























21 lO' l l  22.0 
2110112 22.5 
21 I0 ' !3 22.5 
21 lO' t ' l  20.5 
2110115 21.5 
21 10l|6 22.0 




YIELD EPP RTLG STKLG DRPEAR 
Mg/ha % % % 
'1.27 0.9 2.2 5' ! .  2 0.0 
5.60 1.0 23.2 51.3 0.0 
5.03 1.0 0.0 30.1 0.0 
5. l t i |  1.0 2.11 31.0 0.0 
6.70 1.0 1.8 67.3 0.0 
l | .31 1.0 0.0 I ' l .  7 0.0 
l | .31 1.0 0.0 50.0 0.0 
( | . l |0 1.1 19.6 12. ' !  0.0 
5.25 1.0 2. ' !  18.0 0.0 
1.10 1.0 0.0 9.2 0.0 
11.21 0.9 2.5 50.2 0.0 
5.01 1.2 '1.8 61.9 0.0 
5.16 1.1 16.1 56.3 0.0 
3.66  0 .9  0 .0  61 .2  0 .0  
1.66 1.0 0.0 50.0 0.0 
1.67 0.9 2.1 36.0 0.0 
1.72 1.0 5.0 23.2 0.0 
5 . 1 1  1 . 1  2 . 2  6 2 . 1  0 . 0  
5.19 1.2 9.5 15.2 0.0 
5.98 1.3 7.5 60.0 0.0 
6.25 1.2 31.8 55.0 0.0 
5.71 1.0 27.8 39.1 0.0 
5.91 1.2 1.3 50.0 0.0 
3.16 1 .0  0 .0  68.6  0 .0  
5.37 1.2 2.9 78.7 3.1 
5.78 1.1 0.0 72.0 0.0 
1.12 1.3 1.5 18.1 0.0 
5.10 1.0 2.2 51.0 0.0 
1,18 1.0 0.0 58.0 0.0 
5.72 1.1 0.0 93.1 0.0 
5.77 1.1 1.8 67.5 0.0 
5.11 1.1 2.1 69.0 0.0 
6.15 1 .1  0 .0  68.1 0 .0  
5.69 1.1 2.1 11.1 0.0 





1 ' l52-9 
11151-2 
11152-16 
Ul51- ' l  
11152-3 













1i |5 ' ( -10 
11(53-10 
1i(57- i (  
1453-19 
11(511-13 
1 i i5 i ( -11 
1/(55-9 
1 ' (5 ' ( -5 
1/(56-6 
































































21 .0  
21 .0  
21.5 






22 .0  




21 .0  
YIELD EPP RTLG STKLG DRPEAR 
Mg/ha % % % 
1 .0/ |  0.7 2.5 2.5 0.0 
2.68 1.2 0.0 51.7 0.0 
3.27 1.0 0.0 60.0 2.0 
2.28 1.1 3.3 28.3 0.0 
2.7/(  0.8 0.0 20.2 0.0 
5.3/1 1.1 0.0 41.5 0.0 
3. / (5 1.1 5.9 29.0 0.0 
3.5/1 1.1 0.0 73.8 0.0 
2.  15 1.0 0.0 38.0 0.0 
2.39 0.7 0.0 11.6 0.0 
2.66 1.  1 2.3 46.6 0.0 
3.65 1.1 6.9 76.5 0.0 
3.99 1.2 2.  1 73.3 0.0 
3.76 1.6 2.5 97.5 0.0 
2.09 1.2 6.5 55.6 0.0 
2.77 0.7 4.3 63.4 0.0 
/( .  66 0.9 0.0 49.3 0.0 
l ( .38 1.  1 0.0 72.6 0.0 
2.29 0.9 0.0 63.9 0.0 
/( .  / ( / l  1 .1 6.8 32.3 0.0 
2.71 0.7 0.0 40.5 0.0 
3.  19 1.2 7.1 50.0 0.0 
3.62 1.0 2.3 23,7 0.0 
1.27 0.5 0.0 11.7 0.0 
4.64 1.  1 0.0 12.0 0.0 
3.87 0.9 0.0 49.0 0.0 
5.67 1.0 0.0 40.5 0.0 
3.57 1.2 0.0 51.1 0.0 
3.83 1.5 0.0 26.8 2.5 
3.25 0.9 2.3 65.9 0.0 
3.00 1.0 0.0 63.8 0.0 
1.  30 0.3 0.0 14.0 0.0 
2.74 0.9 33.1 37.3 0.0 
2.93 0.8 6.8 40.9 0.0 















































































































EPP RTLG STKLG DRPEAR 
% % % 
0.8 0.0 
1.0 0.0 




























1 .0 2.5 






































































1161-3 X 1161-10 
1161-1 X 1162-13 
1161-5 X 1162-5 
1161-7 X 1162-6 














































2 2 . 0  
20 .0  





21 .0  
19.5 
19, 
22 .  
21,  
21.  
21 .0  
2 2 . 0  
19.0 
16.5 
20 .0  

















2 . 0 6  
2 . 8 2  
1.57 
0.96.2.79 
2 . 6 8  
3.33 
1.  15 













1 .60  
1 . 1 0  
2 .81  
1.19 
3.35 
5 .16  
5.77 
1.91 
5 . 2 1  
1.83 
EPP 





















1.  3 






1 . 1  
0.9 
1.1 






2 8 . 1  
15.6 
1 2 . 2  
1.8 
2.1 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
1.8 
7 .  1  
0 . 0  
0 . 0  
9 . 9  
0 . 0  
2.0 




1 8 . 9  
2 . 9  
2.6 
0.0 
0 . 0  
0.0 
0 . 0  
2.8 
6.8 
1 . 9  
0.0 
1 . 9  


















2 8 . 2  
61.1 
















1 1 . 8  




0 . 0  
0 . 0  
0 , 0  
2.3 
0 . 0  
0 . 0  
2.2 
0 . 0  
0 .0  
0 . 0  
2.5 
0 . 0  
0 . 0  
0 , 0  
0 .0  
0 . 0  
0 . 0  
0 , 0  
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roorooo ooooo rooooo ooooo ooooo ooooro oroooo i "d 
fOOJOO ooooo VJIOOOO ooooo ooooo OOOO— OWOOO I > I 3 
2ZZ 
PEU ICRIE 
l ' (69-2 X 11)70- 13 
l ' (69-3 X l ' (70- 3 
11)69-7 X 11(70-5 
11)69-9 X 1'(70-6 
l ' (69-10 X 1'(70-7 
l ' (69-16 X 1'(70-18 
11)69-18 X l ' (70-21 
l ' (69-21 X 11(70- 17 
11(70-1 X 11)70-20 
1 '170-11 X 1'(70-16 
1 ')61-3 
l ' (61-10 
11)61- ' )  
l ' (62-13 
11(61-5 








l ' (62-l l  
l ' )63-9 
1 ' (69-6 
1 '(62-17 
l ' (62-22 
l ' (62-12 
1062-19 
1 ')62-l i)  
1 ' l63-2 
1 '163-17 
l ' (6 ' (-17 
1 '(62-24 
ENTRY NO STAND 
PLANTS 
/PLOT 




















222011 21.0  
222012 20.5 
222013 21.5 










22202')  21.5 
222025 21.0 
YIELD EPP RTLG STKLG URPEAR 
Mg/ha % % % 
3.79 0.9 7.5 41.4 0.0 
5.06 1.1 11.7 28.7 0.0 
6.15 1.  3 2.4 41.6 0.0 
'1.10 1.0 0.0 56.8 0.0 
' ( .96 1.1 0.0 58.7 0.0 
' ( .70 1.3 7.3 32.5 0.0 
5.20 1.2 9.5 60.2 0.0 
6.00 1.2 2.4 53.8 0.0 
' ( .30 1.2 18.3 53.6 0,0 
' ( .43 1.  1 0.0 38.1 0.0 
4.17 1.0 0.0 37.8 0.0 
4.44 1.4 0.0 13.7 0.0 
4.1(2 1.2 2.2 58.7 0.0 
5.62 1.2 0.0 37.2 0.0 
4.26 1.4 0.0 34.8 0.0 
4.86 1.0 7.1 9.5 0.0 
4.69 1.2 2.4 28.0 0.0 
4.05 1.2 2.2 11.2 0.0 
4.62 0.9 0.0 31.8 0.0 
3.29 1.2 4.8 27.5 2.3 
4.24 1.5 2.4 40.5 0.0 
3.30 1.  1 8.3 35.3 0.0 
4.70 1 .  1 0.0 67.1 0.0 
5.02 1.3 0.0 22.1 0.0 
3.80 1.3 0.0 51.0 0.0 
5.08 1.3 0.0 17.8 0.0 
3.42 1.0 0.0 14.3 0.0 
3.26 1.  1 0.0 22.3 0.0 
4.98 1.2 0.0 43.2 0.0 
4.10 1.2 0.0 17.3 0.0 
4.51 1.6 0.0 31.7 0.0 
4.53 1.4 2.4 18.2 0.0 
3.76 1.  1 2 .5 46.8 0.0 
' ( .  48 1.3 2.3 21.1 0.0 
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2 0 . 0  
2 1 . 0  
21 .0  
18.5 
21.5 
21 .0  
2 0 . 0  
21 .0 
16.5 
21 .0  
19.5 
2 2 . 0  
22 .0  
22 .0  
22 .0  
22 .0  
20.5 
21.0  
2 1 . 0  




21 .0  
21 .0  
2 1 . 0  
10.5 




2 1 . 0  
21.5 
2 2 . 0  
21.5 
YIELD EPP RTLG STKLG DRPEAR 
Mg/hn % % % 
3.71 1.2 2.5 27.5 0.0 
3.07 1.0 0.0 66.7 0.0 
/ t .  15 1.3 2. /1 33.3 0.0 
3.76 1.1 25.3 l |2.6 0.0 
5.09 1 . / I  0.0 63.1 0.0 
5.35 1.1 0.0 33,3 0.0 
/1.5/ t  1.  1 0.0 / |9.9 0.0 
3.72 1 . / I  7.1 23.8 0.0 
3.31 1.  1 10.0 26,1 0.0 
/ I .  / lO 1.1 0.0 50,0 0.0 
3.9/1 1.5 2.5 23.2 0.0 
0.08 1.3 2.3 36,/ |  0 .0 
/ | .  5/1 1 .1 0.0 '1,5 0.0 
/I .83 1.2 0.0 211,7 0 .0 
/1.2/ |  1 .0 0.0 22,7 2.3 
3.02 0.9 2.2 7,1 0.0 
5.07 1.  1 12.5 29,2 0.0 
/ t ,81 1.5 0.0 5/1.8 0.0 
3,95 1.2 7.  1 16.7 '1.8 
3.13 1.0 0.0 /12.9 0.0 
3.7/1 1 .1  0.0 28.7 0.0 
/I . /15 1.  1 0.0 ^6 .3  0.0 
/I .75 1.2 2. /I  62,  1 0.0 
/I .52 1.2 2.3 1/1,3 0.0 
2.32 1.1 0.0 11.9 0.0 
'1.85 1 .  1 0.0 9.5 0.0 
1.73 1.3 0.0 10.7 0.0 
/ | .80 1 .1  0.0 '10.9 0.0 
3.93 1.0 0.0 60.6 0.0 
3.38 1.0 2.5 27.5 0.0 
2.37 1.2 0.0 18.7 0.0 
2.09 0.8 0.0 38.  1 0.0 
3.27 1.3 0.0 63.3 0.0 
/1.50 1.  1 0 .0 20.5 0.0 
'1.36 1.1 0.0 67.3 0.0 
PEDIGREE ENTIIY NO STAND YIELD EPP RTLG STKLG DRPEAI 
PLANTS Mg/ha % % % 
/PLOT 
11170-17 222096 21.0 5.70 1.5 2. ' (  11.9 0.0 
1'170-1 222097 22.5 I t .  77 1.7 9.  1 17.7 0.0 
11(70-20 222098 21.0 3.78 1.  3 2.1 28.6 0.0 
1' l70-11 222099 21.0 ' t .89 1.6 0.0 '15.2 0.0 
1' l70-16 222100 21.5 3.115 1.0 0.0 30.0 0.0 




APPENDIX F. ENTRY MEANS OF TRAITS EVALUATED IN THE EXPERIMENT 
CONDUCTED NEAR AMES IN 1984 
PEDIGREE 
I ' l 'H- l  X 1442-10 
11(1)1-2 X 1442-5 
1l | ' l1-3 X 1442-16 
I ' l ' )  1-5 X 1442-13 
11)1)1-6 X 1442-3 
l l | ' )1- l  1 X 1442-11 
1 ' ) l ) l - l l )  X 1442-18 
11)1)1-15 X 1442-19 
1/)<)1-16 X 1442-14 
1401-17 X 1442-20 
14')  1-20 X 1443-1 
14')2-6 X 1442-7 
1442-4 X 1442-9 
1443-2 X 1444-12 
1443-6 X 1444-10 
1443-13 X 1444-8 
1443-14 X 1444-15 
1443-16 X 1444-18 
1445-1 X 1445-10 
1445-8 X 1445-11 
1445-14 X 1445-18 
1445-6 X 1445-13 
1445-16 X 1445-17 
1445-3 X 1446-1 
1445-2 X 1446-5 
1445-4 X 1446-2 
1445-5 X 1446-10B 
1445-9 X 14')6-6 
14')6-14 X 1447-10 
1447-3 X 1448-2 
1447-6 X 1448-16 
1447-9 X 1448-17 
1448-1 X 1448-11 
1448-7 X 1448-14 
1448-12 X 1448-15 
















11101 ' t  18.5 
111015 22.5 
111016 16.0 




111021 21.0  
111022 20.5 
111023 22.5 












YIELD EPP RTLG STKLG 
















6.51 1 .1 
6.45 1.2 
5.54 1.0 
6.37 1.  1 
6.72 1.  1 
6.27 1.  1 
7.26 1.0 
6.66 1.  1 
5.44 1.2 
7.12 1.0 
7.07 1.  1 
4.63 1.0 
5.72 1.2 
7.55 1.  1 
5.97 1.0 
7.02 1.  1 
6.54 0.9 







































1') l |8-10 X 11)1(8- 18 
1l) ' l9-3 X 11)50- 3 
1 ' | l l9- ' )  X 11)50- 11 
11)119-5 X l ' )50-1) 
11)1)9-9 X 1')50- 5 
2671-1 X 2672- 3 
2671-10 X 2672- 1 
2671-19 X 2672-22 
2673-1 X 2673-5 
2673-16 X 267')-21 
2675-17 X 2676-9 
2677-2 X 2678-7 
2677-20 X 2678- 16 
2680-11 X 2680- 12 
1 ' ) l |2-1 X 11) ' l3- 3 
1 ' ) ' )1-1 




1 ' ) l )2-16 
1 ' ) l |1-5 
11)1)2-13 
11)1)1-6 
l ' ) ' )2-3 
l l ) ' )1-11 
l ' ) ' )2-11 
1')  1)1-1')  
1 ' )  1)2-18 
l ' | l |1-15 
1') ' )2-19 
1l | l | l -16 
1') ' )2-1 ' )  
110)1-17 
1 ' ) i )2-20 







11 lO' tO 20.0 
l l lO' l l  21.5 
11101)2 20.5 
1110')3 19.5 























112017 2 ' ) .0 





5. '10 1.  
' ) .31 1.  
5.09 0.  
6.57 1.  
6.  10 0.  
' ) .91 1.  
6.06 1.  
5.35 1.  
5.96 1.  
5.  1')  1.  
7.26 1.  
6.70 1.  
6.67 1.  
5.55 1.  
6.26 1.  
3.89 1.  
I ) .  32 1.  
6.31 1.  
'1.89 1.  
5.05 1.  
3.70 1.  
i».68 1.  
' ) .81 1.  
' ) . l )3 1.  
1.99 1.  
3.22 0.  
3.7 ' )  0.  
' ) .  06 1.  
3.27 1.  
3.59 0.  
3.90 1.  
5.73 1.  
' ) .  10 0.  
3.92 0.  








2. ' )  3 ' ) . ' )  
0.0 31.9 
' ) .8 25.0 
0.0 51. 1 
0.0 57.9 





0.0 ' ) .5 
0.0 16. ' )  
0.0 2.3 












' ) .3 37. ' )  
1.9 1 ' l .5 
0.0 ' )7.6 
0.0 9.5 
















































1I(I(3-1 '(  






1 ' ) ' )5-11 
11(1(5-14 
11(1(5-18 








































































21 .0  
2 1  . 0  
13.5 
17.0 











YIELD EPP RTl.G STKLG 
Mg/ha % % 
1.86 0.8 0.0 7.0 
5.07 1.1 2.6 17.5 
3.58 0.9 0.0 30.1( 
2.1(2 1 .1  0 .0  0 .0  
l ( .1 l )  1.2 2.2 12.1 
1.0 0.0 19.3 
2.57 0.9 0.0 12.1) 
3.20 0.9 0.0 8.1 
3.5l(  1.1(  0 .0 50.5 
7.66 1.0 2.1( 1 ' ( .  5  
1(.60 1.0 0.0 16.7 
5.01) 0 .9 0.0 19.8 
3.02 0.9 0.0 26.1( ^  
l( .15 0.9 0.0 26.9 f .  
2.96 0.8 0.0 7.1 
l) .51 1.0 0.0 1(7.6 
l( .86 0.9 0.0 14.5 
4.11) 1 .2 0.0 17.3 
5.86 1.1 0.0 4.8 
4.53 1.0 0.0 18.6 
4.12 1.2 4.8 11.9 
5.27 1.2 0.0 23.8 
2.46 0.8 0.0 7.1) 
4 .23 1.1 2.9 17.6 
5.48 1.1 2.4 19.0 
3.87 1.1 7.5 28.2 
5.34 1.1 2.9 8.5 
4.29 1.0 0.0 13.8 
5.41 1.1 0.0 13.7 
5.02 1.0 0.0 28.6 
4.88 1.2 0.0 10.5 
3.37 1.0 0.0 47.4 
4.23 0.9 0.0 11.7 
8.00 1.1 0.0 15.9 
5.76 1.3 0.0 28.9 
PEDIGREE 
1' l ' l6-6 
11| ' l6-1 ')  
11107-10 
1i | i |7-3 
1l t ' l8-2 
1l | i |7-6 
1l | ' t8-16 




1i | i |8-7 
ll('(8-1'» 
11)1(8-12 
1I | ' I8-15 
I ' l ' l8-10 
1l | l l8-18 
1 ' | l |9-3 
11)50-3 























































2 2 . 0  
19.5 
17.5 
10 .0  








21 .0  








20 .0  
20 .0  
9.5 
19.0 
21 .0  
19.5 
19.5 
21 .0  
14.0 
20.5 




YIELD EPP KTLG STKLG 


















































































' !71-1 X 1l!72-1 
l !71-'! X 1l!72-10 
l !71-5 X 1i!72-9 
' !71-7 X 1172-7 
171-8 X 11172-19 
l |71- 10 X 11172-5 
'171-11 X 1172-15 
l !71- 17 X 1172-8 
l !71-18 X 1172-21 
' !71-19 X 1172-22 
'172- 12 X 1172-16 
'172- 17 X 1172-18 
i |72-m X 1173-18 
' !73-1 X 1171-1 
' !73-2 X 1173-10 
'173-'! X 1171-8 
'173-5 X 1171-10 
' !73-6 X 1171-9 
' !73-7 X 11171-2 
'173-9 X 1171-16 
'173- 11 X 1173-11 
i !73- 12 X 1171-11 
073- 13 X 1171-15 
l !73- 17 X 1171-18 
173- 19 X 1171-13 
















































5.13 1.  1 
1.13 1.2 




6.20 1.  1 
6.79 1.0 
6.1 ' !  1 .  3 
























































1<l73-20A X 1l |7 ' l -17 
1'173-20 X l ' l7 ' l - ' l  
1 '173-21 X 1' l7 ' t -5 
1 <173-22 X I ' l7 ' t -11 
1'175-1 X 1 <176-2 
1 '175-3 X I ' l76-11 
I ' l75- ' t  X 1'176-8 
I '175-5 X 1 '176-9 
1 '175-6 X 1 <176-1 
1 '175-7 X I ' t76- ' t  
1 <175-8 X 1 '176-5 
1 '175-12 X 1'176-17 
1'175-13 X 1'176-12 
1'176-16 X 1'176-18 
1'176-7 X 1'177-7 
1 '177-5 X 1'177-19 
1 ' )77-1' l  X 1'177- 18 
1 '177-2 X 1'178-1 
1 ' (77- ' l  X 1'178-6 
1 <177-11 X 1 <178-12 
1I |77-18A X 1 <178-10 
1 <177-20 X 1'178-15 
1'179-1 X TI79-15 
1'»79-2 X 1'180-18 
1<l79- ' l  X 1080-21 
1471-1 
I ' l72-1 
I ' l71-1 




Kl  72-7 
1<l71-8 
1<»72-19 
ENTKY NO STAND YIELD 
PLANTS Mg/ha 
/PLOT 
121026 18, 0 5.73 
121027 20.5 5.66 
121028 21 ,  .5 6.36 
121029 21, 0 5.90 
121030 21, 5 6.02 
121031 22 ,0 5.61 
121032 21 , 5  7.05 
121033 20, 0 5.06 
12103<l 22,  0 8.  19 
121035 22, .0 6.86 
121036 21 ,  .0 7.78 
121037 21 ,  5 5.75 
121038 21 ,  0 7.09 
121039 20, 0 6.01 
1210' I0 23, 5 8.  10 
1210<|1 22.5 6.06 
1210' |2 21, 5 6.73 
1210' I3 20.5 6.50 
1210') '» 10.0 0.92 
1210' l5 21 .0 5.57 
1210' l6 23, 5 5.73 
121007 23, 0 7.77 
12I0<I8 21, 5 7.62 
1210<I9 21,  5 6.00 
121050 21.0 6.07 
122001 19.5 0.32 
122002 18 .0 0.70 
122003 20, .0 0.85 
1220011 21.0 0.02 
122005 22.0 3.98 
122006 21.0 5.67 
122007 20.0 0.03 
122008 20, .0 0.79 
122009 21, 0 3.82 
122010 21 .0 5.75 
P IULG STKLG 
% % 
1,6 0.0 '11.7 
1.1 0.0 19.M 
1.3 0.0 11.6 
1.0 0.0 9.5 
1.3 0.0 26.6 
1.2 0.0 l'I.I 
1.6 <1.5 20.9 
1.1 0.0 5.0 
1.5 0.0 33.3 
1.2 '1.8 20.2 
1 .2 0 . 0  1  <1. 8 
l . ' l  2.3 25.3 
1.2 2.<4 16.7 
1.0 0.0 30.0 
1.<( 0.0 6.3 
1.3 0.0 2<I.O 
1.3 0.0 20.6 
1 .2  0 .0  22 .0  
1. <1 0 .0 7.2 
1 .2  0 .0  26 .2  
1.1 0.0 8.5 
1 .2  0 .0  11 .2  
1.3 0.0 11.7 
1.3 0.0 Kt . l  
1.3 0.0 10.5 
1.5 0.0 38.7 
1.2 15.7 <13.3 
1.0 0.0 12.5 
1.1 0.0 1<t.5 
1.1 0.0 22.7 
1.8 0.0 10.9 
1 . 1  0 . 0  2 . 6  
1.3 0.0 10.0 
1 . 2  2 . 6  2 . 2  
1 . 5  0 . 0  9 . 2  
250 
I O I 
_J I ^  I H- I (/) t 
I I 
o i  ^
-I I ^  M I 
c. I U I 
o i a 
_J I  c  
w t —. 
> I Z 
I a I cA Z I h-
< I zo i- I <-i (A I _J c. I Û. \ 
O 
z 













9 a'po^ poo ifMA O PO CO CN ^  uf\ ^  fO O ON O CM *- O^OCO^  
cocMCMr\r^  r-JCUP-O CM ^  ^  ^ CM cu \0 CO PC o\ OPOP-CVCM  ^CM 1— Of^ COP^ P^  CM 
ooooo OOOOO C-iTNvOOO  ^O O •- CO ooooo opojT our O CO O fo O 
ooooo OOOOO CU CU CU O O r^ cu o csm ooooo OCU CU OCM O CM O P^ O 
CN^  ^  Lf\CM CM  ^^ CO a-CMCU*-*- cu cu CO o VO O 
po \o CO CO r^  
r»-CsCMvOCM CN CO r* fO CO ® vo PO CO OO Of^  ifN lAP^ vOvû if\ vo CO O ON o ON CO CM cu êco\oso*— vo^ r^ OtfN CU CO fo CN^  CO O ^ P^  Lf\ CO -C" »— VÛ PO 
zr c ma'ifi P0^ N0 5*f0 t^S-S-S-S' iTVPo cocir\ POJTO^  J 
OlTNOlTMn o;fMr\oif\ OOO^ O o ifMA o m ooooo O ifMTNO ifN Ok O 4^  o o 




































































































 VOP-COONO PC PC PC fO c 
ooooo 
ru ru CM CM cj CM CM CM CM CM 
*-cufocm 
ooooo 
ru pj CM cj cu CM CVJ CM cu CM 
c: 
o 
0 cc^ o^ M CO»~CVJ^ C\J 1 I t I I I I I I I 
 ^CVJ ^  CM ^  CM^ CM^ CNJ 
f « « - r - p . .  r » »  f v .  f » - f s - f » »  f « » .  
CM CM cu CM CM r- h- h- p- r-
CO o 
I I I I I 
o C^OiTvvO I I I I I P? C C M 
vC  ^CM •- fO CNf^ CMC\^   ^^ T- ^  1 : 1 1 1  JPO JPOC 
r « » .  P - »  f " » .  p N .  
po fo m ur fo 
251 
C3 I  pocjco^r^ COOd00 ifMfMTNpo jsocuooo •— pooo VO^^NOON» foc\j tf \r«-o i  #  #  *  #  *  • • • • •  • • • • •  # • • • •  • • • « •  5C t JCnCnOncO 00»-COO GOCCVJxOr^  «-cuvo^ o CsvO^ f^ CO CVJ*-r^ h-r- CCUCMfNC 
I CU cOror-CVJCV] CVJ ^ CM CVJ ^CVJ-JT'O CMCM^^CVJ fO OJ •— 
co i 
!  »-COOfnO POOOOO O^OOO OOOCVIO OO^OXO ooooeo OOOJO 
_J I r^^OCMO ^OOOO OCViOOO OOOCO OOCViOCV] OOOOOJ OOOCViO 
I— I 
d I 
I OiTNO'—iTv CN ro CO •— CO 00CN<^0 CVJco^CVJ^ OifNcoOfO ^  CM NO fO Ç\J O^M^N 
C. I 
LJ I 
C I CO OiTNCO^CO \0  ^  GO r~- i f \  ^-OiT^COCO CVJP^POCN»— r^P0if\OO r^r^^OC\ rocsc^eocs 
_J I ^  —•-OCOO vOCO^CNJtfN CO O CO VO »— rO P- C O *— CO C O vO VÛ — \0 *— O ONOVOCSCN 
— i ct> r-.s'inst^ s- s- is\\r\^ covopoc^ coifmtncj 
> I s 
o!cO CirvtTMTNO ^ O O O O  O ^ O O O  OtrNOOtf> iA O O O O  OiTvOOm OiAO^fMfN 
< l Z O  ^  O  O  « —  i f \  C \ G  i S \ ^  S "  i T N C J O ' - O J  N O ^ M m  c O ^ C M f ^ O  C V J ^ O r t ^  ^ C O ^ f ^ O  
» —  l < - j  COCMCNJCUCVJ «-CNJ*-CJCU CNJCNJCVJCNJCVJ CUCOCOCVJW ^CUCMCMCSJ CSjCOCNJCViCO CNJ*-CMC0C\1 
's/i I _:a. 
i c_ \ 
\0>«-coono vor-cooso •—cjpojlfn vof^cocno ^cnjfo^jti nop^cocno 
—  —  — i t m r m t u r m f n  i f m t m f m t n n o  \ 0  o  v o  v o  o  \ 0  v o  v o  v o  p »  p - f » - f * »  f * »  r « - c o  
ooooo oooco ooooo ooooo ooooo ooooo ooooo 
cv:?jcurorc ^jrccorcco rorcrococj rococjcvico c\jc\jcocjc\5 cvcvjcmcjcvj cjcococvjcj 
ojojcvojcw cvjcjcvcnjcnj ojcvicucjcu cutfvicmcjcvi cnjcucjcufy rvjcucucucu cnjfvjcvjcucu 
W I < 
w 1 cocvfo or^o oo ^  *— cmp-m cmvooo 
ÛS I ^ ^  ^ ^  CM ^ C\i J CM iTvCM^^CM c<3 ^ CO lA 0>v0^r^^ ^ ^  fw f«» C I I I I I I I I I I t I t I I t t I I I 1 I I I I t I I I I I I I I I t 
— I ^pojco^ ;r\NO«rvvOif\  VOITvsoitwo i rwoirwom soovovor^ 
O I r*— r»- r*» p— r** n- r*^ p— r** p^ p*» p^ r*» p^ p*» p*» p^ p^ p»» p^ p^ p^ p*» p*» p— p* p^ p*» p** p* p*» 
Û- I  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  
vjïvji\jivj'vjj vjïvjivj1vji\jivj<vji co-«jcd-«j-4 ->j-»j-«j -«g-«j-j-j-j ««j-«g-j-«j i o 
w w n r\3 f\3 ^ ^  ^ » OvOOvOO no co •-<4 09 •>! o9'^c0-<jo9 -xj -«j i — I I I I I I I I I I I 1 I I I I I I I I I I I I I I 1 I I I I I I I I I c 
sj)^ 0^9 ««J^ O^N^  r\d« r^\)ro—I  ^
--V009 0-» -c — CO ococo ro— cs — \o 
x xxxx xxxxx xxxxx 
> I m 
vjt vn vjl \jî vj1 vjî vjî vjivj1 \ji vji \jî vjî vjl vji 
onvjî^-xj^  ^wNj' ro ro w ro ro ro -* 
osso -» r -» fVJ 05 -* ro oj —\0 — 
w o ro ro — VJÏ o on to 
rororororo rorofororo ro ro ro ro (O —^  —— — — — — — — — — 
— »rororororo rororororo rorororonj 
 ^  ^—^  —^  — rororororo rororororo rororororo rororororo OOOOO OOOOO ooooo —ooop ooooo ooooo ooooo l< 
— — —oooo ooooo 
vji^ wro— ovoco-jCN vjii-wro-* _ _ 
" o 
\  - 3  I  
"C !— 1 C/2 
rororororo -»ro-*roro rororororo rofO-*roro rororororo -»ro-*roro ro-*rororo r> . 
— o——— noc c^n — roojoro— oovooo o ———— vorocsoo rovoo — ro ozi> 
oooovji vjiovjivr\»r v^ oovj^ vji u^ ovj^ vjio ovjiooo \jiovroo o^ j^ vnoo c/5io 
vjlcnontjî^ vjïuïi'-^ljt ononvto^v w.wjri- id i — 
OWfO-*ON 09VOCJVJÎVJ1 OgsOVJfC^ NO N009OV0-* i'-xlCs£'0\ WOOrONJ' W-JVOCNCK) 3*I!~ 
-*ow^^ vo—voonro -*f09cv0 -»no—»wc u^mo oo-a -x4n009-»4-g as i o I 
I m I -o 





I  - 4  
 ^« r-I o 


































































 o  r  r
OOvCOO 
    —  rNO oco o     r NO -*
\jî  VJÎ v i o vji o ji o vr o O J^vn o 
U>f 
O 9 O — 
— NO «<» OJ O
r ic r' \
r-^ ïro w o o ro Nj'— i'OOM  "< NO C\ WNO 9 *4 ««.J 
^ ^  ^ ^ ^ 
wvivfroc NWO —o WWN^W o — OJ Cm) ro 
oroooo ooooro OOOOO oo ro oo 
o^ ooo oooow OOOOO oo—oo 
ro -* 
f ONWNO<X>] 
ro -» _* 
roo9cjoro — O -NJNO —k — w ro -*-4^ 0Nr0 
NO NO roCNVji ro CO -sj o w O «xj OU^ 09 NOCOON^ VJI 
rN9o>>ro-*f ro ro oj vj> w roro —ro-* 
o^ rcorooN -^ soroo* NO*X>I »*-*0'->i —ONro * 
^ i r-OOVJivOVJiON 09*x400\-->J OfOMON sorOONVJi O JOC^ 0*-<JO V I o 
zsz 
PEDIGREE 
1i |55-l |  X l i |56-13 
1i |5 ' l - 1 X l ' i58-7 
I ' tS ' l -2 X 11(55- 1 
1i |55- 5 X l i |55- 12 
1' (55-7 X l '»55-10 
1 ' l55-6 X 1U57- 15 
1 ' I56- 12 X 11156-I ' l  
1 ' I57- 1 X 1i i58-16 
11157-2 X l i |58-10 
1 ' l57-6 X 1i |58- 3 
1 ' I57-17 X 1i |58-2 
1i i57-5 % 11159-5 
1l l59-1 X 11159-11 
1 ' l59- 3 X 1' l60- 11 
11159-9 X II16O-8 
1l |59-13 X II16O- 18 
1 ' I59-15 X II16O- '1  
1 i |60-5 X II16O- 10 
1 ' I53-1 X 11153-2 
2691-6 X 2692-5 
2691- 12 X 2692- 13 
2691- 19 X 2692-17 
2693- 1 X 2693- 12 
2693-2 X 269'1-2 
2693- 5 X 269' ! -1 
2693-9 X 269' ! -6 
2693- 11 X 269'1- 15 
2693- 13 X 26911- 7 
2695- 13 X 2696- 22 
2695- 16 X 2696- 19 
2695- 17 X 2695- 22 
2697- 3 X 2698- 17 
2697- 1» X 2697- 10 
2696-1 X 2696- 13 
2697- 11 X 2698- I ' l  




























2110 'll 21.0 
2110l |2 21.0 
2110' I3 20.5 
21 lO'l'l 20.5 
2110115 21.0 
2110116 21.0 




YIELD EPP RTLG STKLG 
Mg/ha % % 
5.81 1.1 
5.68 0.9 
5.6I1 1. 1 
8.3I1 1.2 
6.62 1.0 
5.  19 1.  1 
7.89 1.4 

























8.07 1.  1 







6.3 30. 1 
8.8 13.9 















































































212013 2 /4.5  






















YIELD EPP RTLG STKLG 
Mg/f ia % % 
1.  16 0.7 
2.58 1.6 





5.27 1.  3 
3.03 1.0 
/4.  /42 1 .3 
3.67 1 . /4 
2 .71 0.7 
5.08 1.14 
/4. /40 1 .6 
1.82 1.0 
2.74 0.9 
/( .33 1.  1 













/(.Il'4  1 .  1 
2.56 0.8 
3.5 '4 0.9 
14.72 1.1 
3.9/4 1 .  1 
10.3 7.6 
14.2 / (6.7 
0.0 27.3 
3.1 7.0 















2 .3 8.3 
2.5 15.0 










5. ' (  8 .0 
26.6 30.6 
7.  1 31.8 
0.0 12.1 
255 
O  I  ^ c n O r ^ i f N  M  C  C O  r c  M  r ^ O v v O C V J v O  o  r o  m  C O C V J O O t T i  C O v O C O C O O  i f N r - C V J O O ^  
^  I  c \ r - c o r ^ C N j  ^ y r - c o ^ c o  c o o o v o ^  f o c o ^ ^ ^  N O V O C V J O N -  C V J O V O O C V J  
H  I  CNJ CNJ ^ ^  CNJ ^ ^  ^  ^  ^ ^  ^  ^  ^ ^  CM f O  i T s  ^ CM CM f "  CM P O  ^ CM P O  
C O  I  
I  r o c O ^ C \ P O  ^  C \ J  O  O  V O  < —  O  r ^  i T N  r -  O O O C O C O  0 0 c 0 i r \ 0  O O C O O r -  i T i O C N C O O  
— 5  1 ^  i f N P O O N C O > 0  C M C M O O i f N  O O c O C * -  O O O C O v O  O O P O ^ t f s  OOJu' >nÛ ^O^ C O O  
I  cnonpor^vo O O C M O ^  O O C O P O C v  OnO O P O P ^  OnpoO C V C N  O f ^ C N C N O  O C OpoC M  
00*~0^  o ^ ^ o 0^ *^ 00 o^oo^  ^  ^ ^ ^ 
c .  I  
W  I  
t  
Q  I  C 5  C M ^ O O r -  P O O S O C M ^  C O h - N O O r -  O N O P ^ O N C O  O ^ C ^ i T V  P O J C N C M C N  C M C M h - i T v -
_ j  I  ^  f O \ O C M C v O \  • - N Û C s J C O  v û  f O  C N  • —  C N  t T v C M ^ ^ r - »  C M O N O C O C  ^ ^ C O P O ^  a O i n i T N P O f ^  
—  I  o  P O P O l T V C M ' -  ^ i n U % C M P O  P 0 P 0 5 * C M C \ J  a *  —  P O P O P O  P O P O C M P O P O  P O P O P O ^ l T V  
>  I  s  
t  A I T O  O U > T F M R » U ' %  O O O L ' > O  I F > O O I R \ O  O O I R \ O ; F \  O O I T M T N O  O O O I A O  ^ ^ O O O  
< i zo P^pocOCMnO «-pocCMCO «-po»-© COCOCMCOO pOOnpOCMO c\c — CMA CMOnOpo*-F— i < —1 '-CM'-CM CMCMCMCM'- CM CVJ CM CM CM ^ CMCM CM *- CM CM — CM CM *—CM CM CM CM CM CM 
C / 3  I  ^  O .  
i û.v. 
O 
Z  I  O f ^ C O C N O  ^ C M P O J i f N  v O r ^ C O C s O  ^ C M P O J i f N  \ O f ^ C O C > 0  ' - C M P O . ^ i r N  v û r - c o c \ o  
coforofoj ^s^s's'irs irnltmaltma itmrxjtmavo o o o o o o so vû vû p^ 
O O O O O  O O C O O  ooooo ooooo ooooo ooooo ooooo 
M  c \ j  r c  CM w  CM CVI CM e u  CM e u  CM CM CM CJ CM CM r u  r u  CM r c  e u  r u  r u  r u  r u  r u  r u  e u  r u  r u  
CUCMCUCMCM CMCMCJFUCM CM CM CM CM CM CM CM CO CM CM CM CM CM CM CM CU CM CM CM CM PU CU CM CM CM 
LJ 1 
LJ I CM O IF\CMC \0 O R~- •— POC0LF\ o CE I  ^ IR\ ^ T —  ^ CM ^ \0 P O  CM ITN LF\ ^PO^CNCO ^ ^  I£\ ^ ^  CM \0 LF\ 
0  :  I  I  1  I  I  I  I  1  I  t  t  I  I  t  1  i  I  I  I  I  t  I  I  t  I  I  I  I  I  t  I  I  I  I  I  
— I ITVR^VOOP^ COP^COR—CO P^COP^O\O\ CN CN O CN O CNOCVOO O PO PO ^ CM 01 ifNtrMTMTMfS iniTMTMTNtrv IfMntfNlTvifN irMriSOiTvSO iTNOlTNOsO sO'JMTNCHON 































2690-1' I  
11(61-3 X 
1l |61- ' l  X 
1 '161-5 X 
11161-7 X 
I '161-17 X 

















































































3.27 1.  
1.71 1.  
4.05 1.  
3. '»2 1.  
' ( .  3 ' l  1.  
3.53 1.  
2.6 ' (  1 .  
1.77 0.  
' ( .6 ' (  1.  
3.65 1.  
3.77 1.  
'».  1(0 1.  
1.79 1.  
3.03 1.  
'1.59 1.  
3.61» 1.  
3.73 0.  
' ( .18 1.  
' ( .66 1.  
'1.52 1.  
5.71 1.  
3.09 1.  
3.26 1.  
5.12 1.  
5.21 1.  
1.57 1.  
3.25 1.  
'1.55 0.  
3.1(9 1.  
3.92 0.  
7.2 '» 1.  
5.28 1.  
7.29 1.  
7.10 1.  
7.01 1.  
R1LG STKLG 
% % 







0.0 3'( .2 
0.0 ' ( .3 
5.0 38.7 
6.5 67.0 
' | l».0 26.2 
2.5 25.8 
0.0 ' (2.5 
30.0 5.0 
8.7 25.5 
'1.8 11. l |  
11. ' (  58.1 
' ( .3 '18.6 
10.5 5'».  1 












' ( .8 13.9 
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PEDIGREE ENTRY NO STAND 
I  
1161 
169-2 X 1 170-13 
169-3 X 1 170- 3 
169-7 X 1 170-5 
169-9 X 1 170-6 
169-10 X 1 170-7 
169- 16 X 1 170-18 
169-18 X 1 170-21 
169-21 X 1 170-17 
170- 1 X 1 170-20 
170-11 X 1470-16 
161-3 
16I-10 

































































22 .0  
21 .0  
20.5 
22.5 
21 .0  
19.0 
114.5 
















21 .0  
23.0 
18.5 
2 2 . 0  
18.5 
19.0 
YIELD EPP RTLG STKLG 
Hg/hn % % 
6.32 1.0 
6.116 1.  3 




7.  Oi l  1.3 
7.01 1.4 
6.  1 J 1.4 
7.08 1.1 










11. 90 1.5 





4.1 ' l  1.2 
4.  70 1.2 
5.39 1.1 
5.  18 1.2 
3.75 1.2 










































I ' l63-10 
1i |63-19 
1i |6 i4- ' l  
1 l |6 ' l -2 
1 ' i6 ' l -6 
I ' l6 l | -13 
1 ')6'(-8 
1l l6 i | -12 
1')6'(-1'» 
1i |65- l |  
1 l |6 l | -15 
11165-3 








I ' l65-11 






I ' l66-18 
1466-1 
1 ' l66-5 
I ' t67-10 
1167-16 


























2220119 l ' i .  5 
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1 . 6  
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1 . 0  
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1 . 3  
l . ' l  
1 . 3  
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1  . 2  
1 . '1 
1 . 3  
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1 . 3  
1 .2  
l . ' l  
1 . 2  
1 . 6  
1 . '1 
1 . 2  
1 . 3  
2.0 
1. 1 
1 . 3  
1.'» 
1 .2  





1 . 1  
1 . 2  
1.6  
1 . 2  
0 . 0  
0.0 
0 . 0  
0 . 0  
0.0 




0 . 0  
0.0 





0 . 0  
2.5 
20.5 
0 . 0  
12.5 
7.1 




1 2 . 1  
2.5 
0 . 0  




0 . 0  
11.9 
11.5 
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21 .0  
23.0 
8 . 0  
22 .0  
23.0 
2 1 . 0  
22 .0  






















YIELD EPP lULG STKLG 










'1.11 1.  1 
5.2 ' )  1.2 
' ) . ' )3 1.1) 
5.32 1.2 
1.12 1.0 
' ( .13 1. 1 
3.71 1.3 







' ) .57 1.2 
3.15 1.2 
I) .61 1.0 
2.35 2.  1 
'1.86 1.  1 
' ) .  10 1.0 




'). ')') 0.9 
5,15 1.5 
2.5 I1 .6  




2.3 21).  7 
<1.8 9.5 




2.1) I ' l .3 
0.0 '1.0 







3.1 6.  3 
'1.8 2. ' )  
9.  1 33.3 
2.M 7.1 
I I .7 18.6 
0.0 2' l .  ' )  
5 .6 5.6 
2.5 19.5 
19.H 10.3 
2. ' l  6.9 





PEDIGREE ENTRY NO STAND YIELD EPP RTLG STKLG 
PLANIS Hi j /ha % % 
/PLOT 
1' l70-17 222096 22.5 5.29 1 . '1 0.0 7.1 
11170-1 222097 20.5 5.1 '4 1.8 37.0 2.4 
1 <170-20 222098 18.5 i | .90 1.6 26.3 16.8 
HI70-11 222099 21.0 5. ' t ' )  1.3 2.3 13.9 
11(70-16 222100 20.0 i | .35 1.1 0.0 15.0 
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I I I t I CO CO CO CO CO 
x x x x x  x x x x x  x x x x x  x x x x x  x x x x x  x x x x x  x x x x x  W I W I 
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O I I I I t 1 
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1448-10 X 1448-18 
1449-3 X 1450- 3 
1449-4 X 1450- 11 
1449-5 X 1450- 4 
1449-9 X 1450-5 
2671-1 X 2672- 3 
2671-10 X 2672- 1 
2671-19 X 2672-22 
2673-1 X 2673-5 
2673-16 X 2674-21 
2675-17 X 2676-9 
2677-2 X 2678-7 
2677-20 X 2678-16 
2680-11 X 2680-12 
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232.9 
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1 0 1 . 1  
113.5 
91.9 












































1 1 . 0  
1 8 . 1  































1 2 . 1  
PEDIGREE 
Tl'46-6 
l l | i t7-10 
1l |Hy-3 
11(1)0-2 
1l| l |7-6 
1I|I|0-16 
1l| ' t7-9 
1I |I |0-17 
1i|i|0-1 
l ' I ' tO-ll  







l ' l50-3 
1I|I |9- 'I  
11150-11 
1l| ' l9-5 
1fl50- '« 


















































EARMT PLTIIT TBN 
cm cm 
77.6 161.8 20.9 
10'».6 199.2 21.6 
99.7 211.1 16.2 
8'».0 173.7 16.1» 
83.4 193.9 10.1 
80.0 179.3 10.7 
9'».2 186.2 15.9 
73.8 152.0 22.9 
111.7 197.1 23.0 
69.4 171.9 26.5 
9' l .8 191.3 19.1 
100.3 200.8 13.1 
105.7 216.0 17.0 
92.1 190.5 23.1 
99.4 200.9 19.4 
83.8 169.9 15.9 
115.6 212.8 21.4 
100.6 183.6 21.4 
70.5 170.2 13.3 
93.8 187.4 13.1 
92.1 199.8 13.0 
81.6 190.5 17.4 
106.2 196.2 16.4 
98.3 189.2 20.7 
90.3 191.6 10.5 
103.3 207.4 25.8 
09.1 187.2 15.0 
111.2 193.1 20.7 
93.2 164.7 13.6 
108.1 189.9 25.9 
91.9 186.3 14.4 
106.6 215.6 15.6 
126.1 226.0 14.4 
93.7 199.9 13.3 
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EARUT PLTIIT TDN 
cm cm 
100.3 199.0 13.8 
110.8 217.6 11.8 
106.6 202.8 15.4 
115.6 217.7 11).5 
101.9 190.0 15.2 
107.3 207.9 15.8 
121.7 233.7 14.2 
114.0 213.4 16.1 
113.4 195.7 14.1 
116.0 222.7 17.7 
93.9 190.5 12.2 
105.1 173.9 12,1 
87.4 186.9 9.4 ^ 
104.3 206.0 15.7 ^  
75.1 177.8 15.2 oo 
109.9 201.1 20.3 
107.1 219.7 18.1 
89.9 184.5 17.7 
104.9 200.4 19.2 
99.9 195.9 11.0 
92.4 183.2 12.4 
93.4 176.7 13.1 
99.9 192.3 21.5 
99.7 203.4 13.3 
111.2 201.7 14.5 
96.1 181.3 17.7 
100.2 192.2 16.3 
111.4 212.5 15.5 
118.6 222.2 16.7 
94.1 190.7 19.6 
85.1 184.4 12.2 
95.8 179.0 14.7 
100.3 187.6 17.8 
113.4 204.3 20.2 




































l ' )77-7 






































EAHIIT PLTIIT TON 
cm cm 
119.6 223.3 10.9 
103.9 192.2 15.1) 
107.1) 182.2 12.8 
90.8 186.1 17.6 
99.0 192.7 14.3 
113.8 20')  .9 15. ')  
107.6 218.2 1J.3 
91.6 178.5 18.5 
109.7 215.0 17.2 
91.6 198.7 24.7 
108.4 209.2 14.9 
93.6 189.3 22.9 
95.9 183,7 16.4 
104.6 189.2 15.0 
113.1 217.3 14.9 
90.0 186.1 18.5 
83.7 181,3 14.6 
80.6 166.3 21.0 
106.7 203.5 20.0 
87.3 176.9 22.1 
100.2 198.3 14.2 
108.2 196.5 19.9 
128.6 232.2 15.4 
100.4 192.4 18.9 
112.8 206.9 20.0 
85.5 182.3 20.0 
105.7 205.5 16.5 
94.5 184.2 13.8 
95.0 219.9 12.7 
111.2 217.9 15.0 
102.7 213.2 9.8 
102.1 199.8 21.5 
96.4 196.6 23.3 
06.9 178.4 25.4 
92.5 202.3 18.0 
PEDIGREE ENTRY NO SI.KDT 
AFTER 
6/30 
1477-5 122081 25.0 
1477-19 122082 20.5 
1477-14 122083 27.0 
1477-18 122084 25.0 
1477-2 122085 32.0 
1478-1 122086 27.5 
1477-4 122087 25.5 
1478-6 122088 24.5 
1477-11 122089 30.5 
1478-12 122090 32.0 
1477-18A 122091 27.5 
1478-10 122092 24.5 
1477-20 122093 27.0 
1478-15 122094 31.0 
1479-1 122095 33.0 
1479-15 122096 27.0 
1479-2 122097 30.0 
1480-18 122098 24.0 
1479-4 122099 25.0 
1480-21 122100 25.0 
1451-9 X 1451-•13 211001 32.5 
1451-1 X 1452- 9 211002 33.0 
1451-2 X 1452- 16 211003 25.5 
1451-4 X 1452- 3 211004 28.0 
1451-14 X 1453- 20 211005 29.0 
1452-1 X 1452- 15 211006 31 .0 
1452-6 X 1452-« 211007 30.0 
1452-11 X 1455-21 211008 31.0 
1453-10 X 1453- 12 211009 29.0 
1453-7 X 1454- 12 211010 31.5 
1453-8 X 1454- 10 211011 34.0 
1453-18 X 1457-4 211012 37.5 
1453-19 X 1454-13 211013 30.0 
1454-11 X 1455-9 211014 25.0 
1454-5 X 1456-6 211015 34.5 
EARIIT PLTMT TUN 
cm cm 
90.2 193.9 12.Il  
111.5 19'l .  5 19.1 
110.0 218.5 16.2 
105.5 197.5 16.3 
96,9 185. ' /  17.9 
92.9 212.0 19.8 
101.6 200.7 111.8 
87.5 1711.1 15.6 
95.3 187.3 16.2 
119.2 223.1 17.4 
103.2 202.0 22.0 
84.6 172.8 16.7 
101.2 204.3 23.6 
109.9 225.3 17.7 
120.7 219.7 20.5 
92.2 177.0 11.8 
107.8 213.4 12.7 
90.3 179.8 17.4 
103.1 191.2 15.0 
87.6 187.1 19.7 
134.5 249.1 19.2 
144.8 253.6 17.8 
111.1 224.6 17.7 
117.7 238,3 16.3 
142.1 260,6 23.9 
136.7 251.2 17.8 
127.0 232.7 17,9 
115.5 211.8 20.4 
104.9 208.2 16.6 
120.9 212.9 18.1 
144.6 251.3 22.0 
142.2 266.5 26.6 
123.7 250.9 21.3 
124.4 224.0 21.2 
132.8 235.7 26.1 
PEDIGREE 
1455-•4 X 1456-•13 
1454-•1 X 1458-•7 
1454-•2 X 1455-•1 
1455-•5 X 1455-12 
1455-•7 X 1455-•10 
1455- 6 X 1457-•15 
1456-12 X 1456-14 
1457- 1 X 1458-•16 
1457-2 X 1458-•10 
1457- 6 X 1458-•3 
1457- 17 X 1458-•2 
1457- 5 X 1459- 5 
1459- 1 X 1459- 4 
1459- 3 X 1460- 11 
1459-9 X 1460-8 
1459- 13 X 1460- 18 
1459- 15 X 1460- 4 
1460-5 X 1460- 10 
1453-1 X 1453- 2 
2691-6 X 2692-5 
2691-12 X 2692-13 
2691-19 X 2692-17 
2693-1 X 2693-12 
2693-2 X 2694-2 
2693-5 X 2694-1 
2693-9 X 2694-6 
2693-11 X 2694-15 
2693-13 X 2694-7 
2695-13 X 2696-22 
2695-16 X 2696-19 
2695-17 X 2695-22 
2697-3 X 2698-17 
2697-4 X 2697-10 
2696-1 X 2696-13 
2697-11 X 2698-14 
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O VO CM O CO CO OONCOCM CM CO •— IF> ITV CO «—  ^OSO 
CM CM VO CO 'S\ ONONR- ifN R- ON CO CM ITVCO ONVO o^a- CO CO ^ ON ON CV o ^  o ^  CO o CM CM CM O CM CN O M^NO *— CN 0«-ON CO O ON T— CN CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CU CM CM CM ^ CMCM*- CM CM *- CM r-
ONfOOOvC tn CO ON o CO vO C\CM CO CO o ONITV CM NO CO NO r- CO 0\ a-coo CO 
COONCOtTNON CM ^  CO ON CO CO CO CO CO a- CM CO ir> a-O'-ON ITNCM ovoir^ 
o 0\0 CM CM CM o O CM CNO CM CO CM a* ON o»-^ CM ^ a" 
OOPOJ»-
OIRMA;R\IF\ OOO o LF\ MIFKO ITS IFN ITN O m o o o^oo 
COONAVOVO C\ NO CO O CO o CO NO ITK CNON CO CO CM CO CO CM CM CO CO CO CO CO CO CO CO CO CM CO CM CM CO FOCO^R CO 
u'Mf\ir\oo OCOITNO 
rcoc\jP-r«- u^'%Oco»-fO CO PO CO fO eococopofo 
•-CNJCO^ lfN 
OOOOO 
OOOOO CVJ CU C\J CU CM 
CM CM FVJ C\J CV 
NO R-COONO CM CO ITN NO CO OO CMCOA'LFN NO COON O CMCOA'LFN o o o o •- ^ CM CM CM CM CM CM CM CM CM CM CO CO CO CO CO 
o oooo o OO O O o o o OO O OOOO O o oo O O oooo CM CM CM CM CM CM CM CM CM CM CU CM CM CM CM CM CM CM CM CM CM CU CM CM CM CM CM CM CM CM 
CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CU CM CM CM 
CO NO a-o 
ON ^ Ov CM TTTT^  f"  ^^ CM ^ CM ^  CO 
iTv tTN tfN iTi tf\ ifN ;r\ irv in vfN 
*— 
I  i  I  I  I  
CM CM CM CM CM 
ITV IFN ITNLFN ;RN 
O CM CM O CO ON CO 
 ^r- ^  ^  CO ^  1— c —  ^^ ONIANO a ^ (\i 
ifNCOCO coa coccor-fO a-a-ifNa-NO iTNNoa-coa* ifMfMfNtrMTN ITV iT» ifMT» ITN OMTNlfN lf\ ITN tfMTN ITS JTN aa-a'a-a* 
SLKDT EARHT PLTUT TBN 
AFTER cm cm 
6/30 
1455-1 212036 32.5 101.4 189.6 21.7 
1455-5 212037 33.5 129.4 224.8 21.4 
1455-12 212038 28.0 115.8 218.6 17.2 
1455-7 212039 33.0 114.7 254.0 10.4 
1455-10 212040 27.0 123.7 212.8 22.4 
1455-6 212041 31.5 110.8 216.7 19.6 
1457-15 212042 28.5 110.4 198.8 15.4 
1456-12 212043 26.5 113.9 225.2 18.3 
1456-14 212044 34.0 96.0 199.4 24.7 
1457-1 212045 30.5 93.9 178.2 14.7 
1450-16 212046 33.0 128.5 216.5 20. 1 
1457-2 212047 30.5 89.7 217.1 18.8 
1458-10 212048 26.5 89.8 186. 1 19.7 
1457-6 212049 28.5 98.3 202.4 13.9 
1458-3 212050 31.5 105.4 202.6 15.1 
1457-17 212051 33.0 107. 1 208.4 18.9 
1458-2 212052 36.0 124.3 225.8 17.8 
1457-5 212053 27.0 84.1 178.9 18.6 
1459-5 212054 36.0 128.3 237.8 14.2 
1459-1 212055 39.0 144.6 245.3 21.4 
1459-4 212056 30.0 121.5 206.7 20.6 
1459-3 212057 34.0 114.7 242.2 19.1 
1460-11 212058 32.0 108.0 191.8 24.2 
1459-9 212059 36.0 129. 1 227.0 16.6 
1460-8 212060 36.5 98.5 202.0 21.1 
1459-13 212061 36.0 96.6 207.9 18.3 
1460-18 212062 31.5 101.1 200.9 29.2 
1459-15 212063 34.5 97.0 203.9 14.9 
1460-4 212064 31.0 120.2 236.2 15.7 
1460-5 212065 33.0 91.9 191.7 20.9 
1460-10 212066 30.0 97.0 217.0 19.6 
1453-1 212067 37.0 107.8 201.3 17.3 
1453-2 212068 32.5 107.4 219.4 24.2 
2691-6 212069 29.5 100. 1 202.6 20.7 
































1161-3 X 1161-10 
1161-1 X 1162-13 
1161-5 X 1162-5 
1161-7 X 1162-6 




































































































1 1 1 . 8  
115.2 

















































1 8 . 1  
2 2 . 2  











2 2 . 2  
22 .2  
17.7 
17.8 
2 2 . 2  
20.5 
30.7 
22 .0  
25.6 
21 .1  
18.6 
18.8 
2 2 . 6  
12.8 
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EARMT PLTIIT TBN 
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MEAN: 29. 1 






















APPENDIX G. ENTRY MEANS OF TRAITS COMBINED OVER ENVIRONMENTS 
281 
O I f^-ooco COCUC"r-c\ inovm^ -ro r-»- COVO»-irsco^  O^ÏOCNJNO O^mC\ J 
I  « « » * •  #  #  #  *  #  #  *  #  e  #  #  #  *  *  #  #  a  »  #  #  *  #  #  *  #  « « • • •  
i£  I  COR^P^CVJIA ITV o^coco CVJR^^ pooo OJ»— 0\roco o^r—CMTV 
h-  I  OJPOCVJPOfO .STO^JCVJ PO ^  ^  CM CM ^  CO CO C\J  CVJ fO CXCC OJ CUCNCm 
CO 1  
I  
I  i f \OOP^NÛ ooooo CO fO O  O CN OOMTNO^ r-cor«»oo\ ooooo cococvjpoo  
—J I  pojro^'- ooooo OCViOOO cO o O ^  ro  OmrOO ooooo ' -OCVJCOO 
M I  * -SI 1 
1 
I  O  O  O  C N  O  O O  O ^ ^ O ^  O O O O O  O O ^ O O  O O ^ ^ O  ^  O  O  O  
fi .  I  W 1 
t  
o I c ^r-povûT- ocu*^csco p^cfocvjir\ cocvjcnvo^ cm^noo^ pocoo«~o ^ocvj^cvj 
-J I — — C\FOCOC FOOR^^CN OR«^.S'«-C\J IF\A"COCIF\ OEOP»-^^ CNVOO^T^N 
— I o ir\ir>ir\ir^  if*if\\oifMrN*o VOITV^ ITMTV 
> I s 
I  
O I  C/5 ROO«OCSO CVCOCSFOCN ITIITPO^CO F C CO G\IF\ CO ^ CO ^ OOCOCN;R\ ITMT^NOVO^ 
< I ZO 0*-0Cv0 OCNOP^O OOxOCNO r-vOC\CNC\  OCOVCO OcOCvCNO OOOOCN 
Wl  <  ^  CSJCMCNJ^CNJ OJ»—CM»—C\i  CM ^  CM ^  CM ^  ^  r -  ^  CMCMCM*—CM CM ^  ^  ^  CM CM CM CM CM r -
co  t  ^  a .  
I  2 -  \  
or^ooc\o  ^CMfo^i fN vor^coc \o  «-cv jco j in  \o  r -  co  c \  o  r-  CM Mzr  
OOOOO OOOO^ CM CM CM CM CM CM CM CM CM fO cO co  ro  fO eo  




1 f  I  I  I  
CM CMCM CM CVJ 
•-COON^ O 
i  I  I  t  t  
CM CM CM CM CVi  
CM O  ir\ CO o ^  
^ N» OS CO 
PC CM CM Jr J  J  iTNtTl  I  I  I  I  I  (r>Lr\tnvovo 
ca 
o o 
CM —vC CM 
VOVOSO CO CO CO CO CO CO 
c —zr a" 
x x x x x  xxxxx xxxxx x x x x x  x x x x x  x x x x x  x x x x x  
UJ I  
Ld  I  ^c invor -"  o  pcc \o  j  so ^ CM 
CC *  ^CMfOiTvvO ^  f-1— ^  CVlvO^^vO ^  ^  CO ^  \0  ^  fO CM \0  0 \  ^  f*-  ^  
O I I  I  I  t  I  I  I  I  t  I  I  t  I  I  I  I  I  I  I  I  I  I  I  I  I  I  1  I  I  I  I  t  I  I  I  
— I  — ^  ^  ^  ^  ^  p- ^  C^VJCMfO<*^  fO m m iTvifN iTN tfs ifN SO M co co co 
C_ I 
PF.01GRF.E 
1448-10 X 1448- 18 
1449-3 X 1450- 3 
1449-4 X 1450- 11 
1449-5 X 1450-4 
1449-9 X 1450-5 
2671-1 X 2672- 3 
2671-10 X 2672- 1 
2671-19 X 2672-22 
2673-1 X 2673-5 
2673-16 X 2674-21 
2675-17 X 2676-9 
2677-2 X 2678-7 
2677-20 X 2678- 16 
2680-11 X 2680- 12 



























































YIELD EPP RTLG STKLG 
Mg/ha % % 
5.03 1.0 
4.36 1.1 
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l ' | l |8-17 
1i|'«8-l 
1l| l t8-11 
l l | l |8-7 
1ltl|8-|lt 
I'|l|8-12 





























































2.63 0.  
3.55 1.  
3.08 0.  
2.27 0.  
3.32 0.  
3.98 1.  
3.49 1 .  
3.56 0.  
4.28 1. 
2.89 0.  
4.22 1.  
3.46 1.  
3.84 0.  
4.07 1.  
3.56 1.  
3.31 1.  
3.63 0.  
3.33 1.  
3.74 1 .  
3.25 0.  
3.37 0.  
4.25 1.  
2.74 1.  
2.93 1.  
3.91 0.  
3.90 0.  
3.83 1.  
2.79 0.  
4.14 1.  
3.77 1.  
3.70 1.  
4.31 1.  
4.57 1.  
5.04 1.  




















































































1471-1 % 1472-1 
1471-4 X 1472- 10 
1471-5 X 1472-9 
1471-7 X 1472-7 
1471-8 X 1472-19 
1471-10 X 1472-5 
1471-11 X 1472-15 
1471-17 X 11*72-0 
1471-18 X 1472-21 
1471-19 X 1472-22 
1472-12 X 1472-16 
1472-17 X 1472-18 
1472-14 X 1473- 18 
1473-1 X 1474-1 
1473-2 X 1473-10 
1473-4 X 1474-8 
1473-5 X 1474-10 
1473-6 X 1474-9 
1473-7 X 1474-2 
1473-9 X 1474-16 
1473-11 X 1473-14 
1473-12 X 1474- 11 
1473-13 X 1474-15 
1473-17 X 1474- 18 
1473-19 X 1474- 13 













121001 20. ' I  
121002 20.5 
121003 20.9 
12100'!  20.9 
121005 20.5 
































































0.0 33.  1 

































































1I173-20A X :  1 '(71(-17 
11(73-20 X 11|71(-1|  
11(73-21 X l i(7l(-5 
11(73-22 X 1I(7I(-11( 
11(75-1 X 11(76-2 
1'(75-3 X 11(76-11 
l i |75-i(  X 1476-8 
11(75-5 X 1476-9 
11(75-6 X 1476-1 
11(75-7 X 1476-4 
11(75-8 X 1476-5 
11(75-12 X 1476-17 
11(75-13 X 1476-12 
11(76-16 X 1476-18 
11(76-7 X 1477-7 
11(77-5 X 1477-19 
11(77-111 X 1477-18 
11(77-2 X 1478-1 
li(77-i(  X 1478-6 
11177-11 X 1478-12 
11(77-18A X :  1478-10 
11(77-20 X 1478-15 
11(79-1 X 1479-15 
11(79-2 X 1480-18 











ENTRY NO STAND 
PLANTS 
/PLOT 























12101(9 19. '(  











YIELD EPF RTLG STKLG 











































































































ENTRY NO STAND 
PLANTS 
/PLOT 


















































































































































I ' l7 '4-18 
1173-19 
1ll7 ' t -13 
1II73-20A 
I ' l7 ' l-17 
lfl73-20 









I ' l75- ' l  
11176-8 
1 ' l75-5 
1' l76-9 





1 ' l76-5 
1/175-12 
l ' l76-17 
I ' l75-13 
I ' l76-12 
11176-16 
11176-18 













































21 .0  
19.3 
19.5 
1 0 . ' !  
20.3 
20.9 




20 .0  
18.'I 
19.9 























Il. 31 1.0 
5.63 1.5 
I l .  8 0  1 . 6  
3.71 1.1 
1.09 1.1 











1.7 1 '1.2 
1.0 23.1 














1.11  1 .1  
1.11 1.3 















0.0  15.8  
0.0 7.6 
0.9 36.3 
5 . 6  2 2 . 6  
0,8 3.2 
0 .0  12 .2  














PEDIGREE ENTRY NO 
11177-5 
11177-19 
1' l77-1lt  
11177-18 
1 ' l77-2 
tl |78-1 














451-9 X 1451-13 
451-1 X 1452-9 
451-2 X 1452-16 
451-4 X 1452- 3 
451-14 X 1453-20 
452-1 X 1452-15 
452-6 X 1452-H 
452-11 X 1455- 21 
453-10 X 1453-12 
453-7 X 1454- 12 
453-8 X 1454- 10 
453-18 X 1457- 4 
453-19 X 1454-13 
454-11 X 1455-9 


















































2 0 . 0  




















20 .6  
19.8 
2 0 . 0  
YIELD EPP 
Mg/ha 
3.86 1.  
4.84 1.  
4.82 1.  
4.46 1.  
3.84 1.  
5.24 1.  
4.88 1.  
3.05 1.  
4.67 1.  
4.04 1.  
3.32 0.  
3.99 1.  
4.23 1.  
4.12 1.  
3.94 1.  
3.87 1.  
3.84 1.  
3.68 1.  
4.49 1.  
4.56 1.  
4.87 1.  
5.46 1.  
4.69 0.  
5.94 1.  
6.23 1.  
4.52 1.  
5.77 1.  
3.96 1.  
5.05 1.  
5.28 1.  
4.87 0.  
4.70 1.  
5.74 1.  
5.09 1.  









































































PEDIGRCE ENTRY NO STAND YIELD EPP RTLG STKLG 
PLANTS Mg/ha % % 
/PLOT 
X 1456-13 211016 20.4 4.97 0.9 2.5 48.6 
1'154-1 X 1456-7 211017 20.5 5.  36 1.0 42.5 39.5 
l ' (5 ' l-2 X 1455-1 211018 20.3 5.09 1.0 1.9 37.9 
11(55-5 X 1455-12 211019 20.8 6.76 1.2 11.5 25.3 
11155-7 X 1455-10 211020 20.4 6.76 1.  1 9.4 49.4 
HI55-6 X 1457-15 211021 17.9 4.83 1.0 3.8 19.3 
11156-12 X 1456-14 211022 20.5 5.66 1.1 4.7 30.1 
11157-1 X 1456-16 211023 20.0 6.29 1.1 15.7 26.6 
1457-2 X 1456- 10 211024 20.0 6.39 1.0 5.7 39.3 
1457-6 X 1458-3 211025 20.4 6.03 1.0 4.1 15.9 
1457-17 X 1458-2 211026 17.9 4.74 1.0 1.7 36.2 
1457-5 X 1459-5 211027 20.8 5.82 1.2 4.9 39.2 
1459-1 X 1459-4 211028 20.5 6.11 1. 1 15.8 40.6 
1459-3 X 1460-11 211029 19.9 4.66 1.0 4.3 42.1 
1459-9 X 1460-8 211030 20.5 6.05 1.1 2.2 44.4 
1459-13 X 1460-18 211031 21.3 5.57 0.9 6.0 28.5 
1459-15 X 1460-4 211032 19.8 5.20 1.0 1.7 26.0 
1460-5 X 1460-10 211033 20.3 5.36 1.  I 2.3 45.6 
1453-1 X 1453-2 211034 20.6 5.84 1.1 4.7 38.9 
2691-6 X 2692-5 211035 20.4 6.72 1.2 2.5 49.0 
2691-12 X 2692-13 211036 20.9 6.26 1.  1 25.1 33.8 
2691-19 X 2692-17 211037 21.0 5.92 1.1 12.8 41.9 
2693-1 X 2693-12 211038 20.5 5.59 1.2 3.2 42.6 
2693-2 X 2694-2 211039 20.1 4.56 1.1 6.6 56.0 
2693-5 X 2694-1 211040 18.6 5.71 1.1 2.7 50.6 
2693-9 X 2694-6 211041 20.4 5.77 1.1 7.9 61.7 
2693-11 X 2694-15 211042 20.1 5.29 1.4 2.4 48.3 
2693-13 X 2694-7 211043 20.4 6.31 1.1 5.6 39.9 
2695-13 X 2696-22 211044 19.8 5.66 1.0 1.7 40.7 
2695-16 X 2696-19 211045 19.9 6.10 1.1 4.4 66.7 
2695-17 X 2695-22 211046 20. 3 6.56 1.  1 27.0 45.6 
2697-3 X 2698-17 211047 20.0 6.09 1.2 11.8 47.1 
2697-4 X 2697-10 211048 20.5 7.00 1.  1 1.5 47.8 
2696-1 X 2696-13 211049 20.0 5.74 1.  1 4.8 34.2 
























































































2 1 . 1  
20. 3 
19.8 






















0.89 0.  
2.90 1.  
3.79 1.  
1 .93 0.  
3.33 0.  
3.83 1.  
3.07 1.  
4.09 1. 
2.90 1.  
2.83 1.  
3.07 1.  
2.67 0.  
4.17 1.  
4.25 1.  
1.56 0.  
2.62 0.  
4.14 1.  
3.86 1.  
2.1)7 0.  
3.82 1.  
2.51 0.  
2.57 0.  
3.00 1.  
1.59 0.  
3.95 1.  
3.26 0.  
3.80 0.  
3.36 1.  
3.85 1.  
2.82 0.  
4.15 1.  
2.  16 0.  
3.05 0.  
3.89 0.  
4.09 1.  
RTLG STKLG 
% % 


























































































11)59- ')  
1 ')59-3 
11)60-11 





11)60- ')  
11)60-5 
HI60-10 










212039 20. ')  

































3.02 0.  
3. ')7 1.  
' ) .23 1.  
3.11 0.  
3.23 1.  
2.8')  0.  
') . ' )7 1.  
l) .81 1.  
1 .71 0.  
3.35 1.  
l) .27 1.  
3.57 0.  
3.2')  0.  
'1.66 1.  
3. '12 0.  
3.72 0.  
3.25 1.  
3.98 1.  
2.17 1.  
2.50 0.  
l) . ' )6 1.  
2.62 1.  
2.36 0.  
3.1)0 0.  
2.86 0.  
2.65 0.  
3.51 0.  
2.79 0.  
3.59 0.  
3.22 1.  
3.13 1 .  
3.70 1.  
3. ')6 1 .  
4.21 1.  










1.8 32. 1 
6.  1 18.3 
2.8 14.3 
24.6 33.4 









































































































































































2 1 .  1  
19.5 











































1 .  1  
1 . 1  
0.9 








1 . 1  
1.1 
1 .  1  
1 . 2  
1 . 1 
1 . 1  
1 . 2  
1 .  1  






2 2 . 6  
10.3 










0 . 0  
15.2  









2 . 8  
0 . 0  
4.5 
2 . 6  
13.5 
8.0 
1 .  1  
1 .  1  
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a i soovosovû vovonosovo vovovo\ovo \ososonovo sonûsovovo vondnovono voo\0vovû 
STAND YIELD EPP RTLG STKLG 
PLANTS Mg/ha 
/PLOT 
11(69-2 X 11(70-13 
11(69-3 X 11(70-3 
11(69-7 X 11(70-5 
11(69-9 X 11(70-6 
11(69-10 X 11(70-7 
11(69-16 X 11(70-18 
11(69-18 X 11(70-21 
11(69-21 X 11(70-17 
11(70-1 X 11(70-20 


























221041 20.4 4.98 1.0 10.9 24.9 
221042 19.4 5.59 1.2 5.6 26.6 
221043 19.8 5.84 1.3 0.8 32.8 
221044 19.6 6.34 1.3 10.6 26.9 
221045 19.8 5.56 1.1 6.3 44.4 
221046 20.4 5.43 1.2 3.3 32.7 
221047 20.4 6.27 1.3 25.9 38.0 
221048 20. 1 6.30 1.4 1.7 1(4.5 
221049 19.9 5.25 1.3 17.0 40.5 
221050 20. 1 5. 66 1.2 0.9 27.4 
222001 20.3 4.97 1.1 0.0 21.7 
222002 19.3 4.77 1.5 0.9 13.9 
222003 18.8 3.68 1.3 3.9 48.2 
222004 20.4 4.57 1.2 0.0 25.5 
222005 20.0 4.08 1.3 4.3 25.0 
222006 20.0 4.51 1 . 1 5.6 11.6 
222007 19.4 4.56 1.2 17.7 20.6 
222008 20.6 3.91 1.1 0.7 17.7 
222009 20.0 4.27 1.0 8.4 26.8 
222010 19.6 3.47 1.2 3.3 14.3 
222011 19.5 4.66 1.5 4.6 26.4 
222012 18.6 3.72 1.2 5.7 20.7 
222013 19.8 4.23 1.0 1.7 47.6 
222014 20.6 5.04 1.3 0.0 23.9 
2220J5 16.5 3.82 1,2 1.8 32.6 
222016 20.9 4.81 1.3 0.0 12.5 
222017 20.9 3.60 1.0 3.0 16.6 
222018 20.6 3.73 1.1 3.6 18.2 
222019 20.9 4.77 1.2 2.8 25.2 
222020 20.9 4.55 1.2 0.0 14.4 
222021 20.3 4.02 1.4 2.9 27.7 
222022 19.8 3.85 1.4 1.8 11.4 
222023 20.1 3.91 1.1 7.9 31.4 
222024 19.4 4. 12 1.2 0.8 10.9 
222025 19.6 4.91 1.4 0.8 21.7 

















































































































































P RTLG STKLG 
% % 
1.5 '1.8 '13.6 
1.1 0.8 29.6 
1.0 3.7 20.8 
1.1 0.8 23.5 
1.3 0.9 35.0 
1.6 8.5 37.0 
1. ') '1.9 31.2 
1.3 9.5 16.3 
1.5 2.'I 39.7 
1.1 1.7 17.2 
l.'l 0.0 15.1 
1.2 0.9 25.2 
1.2 5.1 38.6 ^ 
1.2 0.8 15.'I vo 
1.2 10.9 30.3 
1.3 3.8 28.7 
1 .'* 0.0 10.0 
1.3 2.6 12.5 
1.3 11.2 45.1 
1.2 0.0 29.6 
1.2 17.0 24.5 
1.5 I'M 27.3 
1.1 0.9 13.7 
1.2 3.3 I'l.O 
1.1 6.0 2'L. I| 
1.3 0.8 20.5 
l.'l 7.8 55.11 
1.1 1.7 70.3 
1.2 0.9 16.9 
1.0 0.8 18.3 
1.0 21.'I 28.9 
1.3 2.8 13.2 
1.2 7.0 33.8 
1.5 0.9 28.7 
1.1 5.6 3'l.5 










































































YIELD EPP RTLG STKLG 





















3.77 1. 1 

















































PEDIGREE ENTRY NO STAND YIELD EPP RTLG STKLG 
PLANTS Mg/ha % % 
/PLOT 
1'I70-17 222096 20, 1 5.29 1.5 0.8 9.1 
1'I70-1 222097 20. >1 5.26 1.0 18.0 13.7 
11*70-20 222098 19.5 ii.ii'i 1.'( 12.2 22.1 
11170-1 1 222099 20.0 5.'*9 1.5 0.8 29.3 
I't70-I6 222100 20.0 '1.11 1. 1 3.6 20. n 
MEAN: 19.0 l|.51 1.1 '1.0 30.6 
PEDIGREE 
'»41-1 X 1442-10 
441-2 X 1442-5 
441-3 X 1442-16 
441-5 X 1442-13 
441-6 X 1442-3 
441-11 X 1442-11 
441-14 X 1442-18 
441-15 X 1442-19 
441-16 X 1442-14 
441-17 X 1442-20 
441-20 X 1443-1 
442-6 X 1442-7 
442-4 X 1442-9 
443-2 X 144'»-12 
443-6 X 1444-10 
443-13 X 1444-8 
443-14 X 1'»44-15 
443-16 X 1444-18 
445-1 X 1445-10 
445-8 X 1445-11 
445-14 X 1445-18 
'»'»5-6 X 1445-13 
'»45-16 X 1445-17 
445-3 X 1446-1 
445-2 X 1446-5 
445-4 X 1446-2 
445-5 X 1446-100 
445-9 X 1 '»'»6-6 
446-14 X 1447-10 
447-3 X 1448-2 
447-6 X 1448-16 
447-9 X 1448-17 
448-1 X 1448-1 1 
448-7 X 1448-14 
448-12 X 1448-15 






































EAKHT PLTHT TON 
cm cm 
112.5 222.1 18.1 
11/1.8 222.6 I'L. 6 
107.8 205.2 m.7 
IIH.7 203.7 21.1 
119.9 231.'t 18.7 
106.7 205.9 17.4 
98.7 192.9 18.7 
97.9 198.5 12.9 
110.1 221.3 15.9 
III,8 203.0 18.5 
117.5 230.6 17,1» 
120.8 223.5 15.8 
115.2 218.5 18.9 
106.3 226.3 18.5 
111,3 220.5 16.8 
113.6 233.9 20.1 
109.2 229.'» 18.7 
131.6 235.1 20.3 
108.2 233.2 16.8 
111.2 218.1 15.1 
116.9  21 '» .1  16 .2  
12'».6 173.7 20.6 
118.3 220.7 17.0 
106.8 197.6 14.1 
119.1 225.5 19.3 
103.8 208.8 14.1 
125.1 226.1 16.6 
111.0 211.1 18.7 
119.4 229.1 16.8 
101.0 203.5 13.7 
97,2 202.6 14.4 
112.8 204.3 24.7 
104.5 204.4 20.8 
116.2 220.9 16.1 
112.3 223.7 20.5 
PEDIGRrE F.NTRY NO SLKDT 
AFTER 
6/30 
I I 4 I 1 8 - I O  X  1'|lt8-18 111036 28.5 
11,1,9-3 X l',50-3 111037 25.0 
11,1,9-1, X 1450-11 111038 26.3 
11,1,9-5 % 1450-4 111039 25.0 
1449-9 X  1450-5 111040 27.3 
2671-1 X  2672-3 111041 29.0 
2671-10 X  2672-1 111042 26.8 
2671-19 X  2672-22 111043 26.0 
2673-1 X  2673-5 111044 27.8 
2673-16 X  2674-21 111045 24.8 
2675-17 X  2676-9 111046 26.8 
2677-2 X  2678-7 111047 31.8 
2677-20 X  2678-16 111048 25.0 
2680-11 X  2680-12 111049 28.8 
1442-1 X  1443-3 111050 28.3 
11,1,1-1 112001 31.0 
11,42-10 112002 32.5 
141,1-2 112003 26.3 
t(,/,2-5 112004 31.8 
11.1.1-3 112005 27.0 
11.1.2-16 112006 26.0 
11,1,1-5 112007 28.8 
H,l,2-13 112008 29.3 
11,1,1-6 112009 31.5 
II,/,2-3 112010 33.0 
11.1.1-11 112011 30.3 
11.1.2-11 112012 31.3 
11,1,1-1/, 112013 27.3 
1/11,2-18 112014 30.8 
1/(1,1-15 112015 28.5 
1442-19 112016 29.8 
11.1.1-16 112017 30.3 
11.1.2-14 112018 30.8 
1141-17 112019 27.5 
1442-20 112020 27.8 
EARHT PLTHT TBN 
cm cm 
114.8 



























8 0 . 6  
86.7 
106.8 





























































































































































28 .8  
28 .0  
32.3 
33.0 
28 .8  


















































9 6 . 2  
103.7 



















































1 1 . 0  






















1 2 .  1  
18.0 
1 1 . 8  
8.7 
1 5 . 2  












































































EARIIT PLTIIT TBN 
cm cm 
81.6 166.8 23.3 
101.3 195.3 19.7 
98.9 210.0 18.7 
86.7 178.7 11.8 
81.7 183.6 10.6 
82.1 172.8 10.8 
93.6 185.2 15.7 
72.0 115.7 22.1 
113.9 197.7 23.9 
78.8 167.8 25.7 
95.1 190.7 17.3 
105.6 201.7 13.3 
107.3 212.2 18.0 
91.6 195.1 21.9 
99.6 200.8 19.1 
82.1 167.9 17.7 
119.7 215.7 20.1 
101.5 182.8 20.3 
78.3 177.1 12.7 
93.2 190.3 12.6 
98.0 201.9 13.3 
73.6 179.3 17.3 
105.3 191.7 17.1 
100.1 195.2 18.6 
91.2 195.5 19.1 
105.1 211.3 25.7 
91.0 192.8 16.7 
108.5 183.1 21.2 
91.9 173.5 13.9 
101.9 186.8 26.1 
95.6 186.7 11.1 
116.3 221.6 15.3 
130.1 230.1 12.5 
96.6 202.8 13.1 












71-1 X 1'I72-1 
71-'! % 1'!72-10 
71-5 X 1l!72-9 
71-7 X 1'!72-7 
71-8 X 1'!72-19 
71-10 X 1'I72-5 
71-11 X 11172-15 
71-17 X 1H72-8 
71-18 X 1l!72-21 
71-19 X 1472-22 
72-12 X 1'I72-16 
72-17 X 1l|72-18 
72-11 X 1'!73-18 
73-1 X li!7'!- 1 
73-2 X ll!73-10 
73-'! X l'!7ll-8 
73-5 X l'!7'l-10 
73-6 X 1'!7'!-9 
73-7 X 1'!7l!-2 
73-9 X 1'!7l!-16 
73-11 X 1l!73-1'! 
73-12 X 1'!?'!-11 
73-13 X l'!7'!-15 
73-17 X 1'!7'1-18 
73-19 X 1'!7'!-13 






































EARHT PLTUT TON 
cm cm 
106.1 211).5 16.8 
9'!.2 181.2 15.8 
109.9 198.'! 13.6 
113.9 2111.7 15.7 
88.'! 200.9 9.9 
89.1 177.6 15.5 
96.1 190.0 12.9 
116.7 227.6 10.6 
138.0 232.6 13.9 
97.6 180.5 17.7 
127.7 2110.8 15.2 
110.7 201.7 19.0 
12'!.2 219.3 17.9 
102.'! 20'!. 1 16.2 
133.6 176.2 16.8 
91.9 197.9 18.0 
112 .0  218 ,2  16 .0  
110.0 201.2 17.8 
10'!.2 213.6 16.'! 
116.1 212.5 17.5 
120.2 223.1 1'!.1 
113.1 225.2 I'l.O 
101.5 213.0 19.3 
112.9 227.7 19.2 
135.0 239.2 17.2 
106.5 203.'! I'!.'! 
110.1 209.'! 17.7 
103.'! 193.1 17.8 
115.'! 222.5 17.5 
117.7 216.'! 17.2 
100.1 198.8 17.1 
123.9 217.1 21.1 
110.8 209.7 15.'! 
109.6 199.'! 17.6 
98.'! 196.8 18.3 
PEDIGREE 
1473-20A X ; 1474-17 
1473-20 % 1474-4 
1473-21 X 1474-5 
1473-22 X 1474-14 
1475-1 X 1476-2 
1475-3 X 1476-11 
1475-4 X 1476-8 
1475-5 X 1476-9 
1475-6 X 1476-1 
1475-7 X 1476-4 
1475-8 X 1476-5 
1475-12 X 1476-17 
1475-13 X 1476-12 
1476-16 X 1476-18 
1476-7 X 1477-7 
1477-5 X 1477-19 
1477-14 X 1477-18 
1477-2 X 1478-1 
1477-4 X 1478-6 
1477-11 X 1478-12 
1477-18A X : 1478-10 
1477-20 X 1478-15 
1479-1 X 1479-15 
1479-2 X 1480-18 

















































































108.0 209.0 19.8 
106.8 221.3 16.6 
115.6 227.4 13.5 
110.2 218.7 25.2 
109.3 209.8 23.8 
116.0 212.0 19.0 
121.4 224.7 17.7 
113.1 222.3 21.9 
100.9 204.7 18.4 
125.8 222.1 20.5 
109.0 205.8 19.2 
116.2 233.0 19.4 
123.9 232.4 17.7 
113.4 223.8 17.6 
116.5 216.3 21.0 
97.6 191.5 13.2 
128.0 236.1 15.6 
93.3 174.9 17.5 
105.6 205.9 17.3 
116.0 200.4 13.2 
107.5 203.9 19.5 
72.0 169.8 16.9 
100.4 185.3 17.3 
83.1 161.2 21.6 
113.3 200.8 9.8 
305 
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EARHT PLTIIT TBN 
cm cm 
111).3 212.1 10.2 
96.9 186.8 17.7 
101.8 181.3 12.5 
89.7 182.5 19.') 
97.4 191.0 1'l.9 
113.1 197.9 13.8 
110.1 216.5 13.2 
97.8 18').5 19.3 
110.0 21').5 15.8 
95.3 197.0 27.2 
106.2 205.2 16.1 
97.8 190.5 22.1) 
97.6 176.0 17.6 
107.8 192.7 16.0 o 
11').8 218.0 16.1) 
90.8 187.5 17.'» 
95.') 185.2 17.3 
86.7 170.0 19.9 
109.2 205.0 18.8 
85.5 171.2 20.0 
116.9 203.8 1'».8 
109.1 198.') 18.3 
132.6 237.2 16.1 
99.2 192.9 18.2 
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PEDIGREE ENTRY NO SI.KD 
AFTER 
6/30 
1/(51-9 212001 38.5 
1/(51-13 212002 32.3 
1/(51-1 212003 3'4.0 
1/(52-9 21200/( 36.0 
1/(51-2 212005 28.0 
1/(52-16 212006 32.0 
1/(51-4 212007 32.5 
1/(52-3 212008 31.8 
1/(51-1% 212009 32.8 
1/J53-20 212010 36.5 
1/(52-1 212011 3/(.8 
1/(52-15 212012 3/(.0 
1/(52-6 212013 3/(.0 
1/(52-8 21201/4 30.8 
1/(52-11 212015 37.3 
1/(55-21 212016 36.0 
1/(53-10 212017 28.3 
1/(53-12 212018 33.8 
l/)53-7 212019 31.5 
1/(5/(-12 212020 33.0 
1/(53-8 212021 38.3 
1/(5/(-10 212022 37.0 
1/(53-18 212023 36.8 
1/(57-/( 21202/( /(2.8 
1/(53-19 212025 33.5 
l/(5/(-13 212026 32.8 
1/(5/1-11 212027 29.5 
1/(55-9 212028 33.3 
1/(51,-5 212029 36.3 
1/(56-6 212030 35.3 
1/l55-/( 212031 35.0 
1/(56-13 212032 35.3 
l'(5/(-1 212033 31.0 
1/(58-7 21203/( 3/(.3 
1/(5'«-2 212035 31.8 
EARIIT PLTHT TON 
cm cm 
97.8 
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PEDIGREE ENTRY NO SLKD 
AFTER 
6/30 
2691-12 212071 32.0 
2692-13 212072 31.3 
2691-19 212073 31.5 
2692-17 212071 32. 3 
2693-1 212075 33.5 
2693-12 212076 36.5 
2693-2 212077 31.5 
2691-2 212078 38.5 
2693-5 212079 31.5 
2691-1 212080 32,0 
2693-9 212081 33.5 
2691-6 212082 32.8 
2693-11 212083 37.8 
2691-15 212081 37.0 
2693-13 212085 32.5 
2691-7 212086 32.3 
2695-13 212087 33.5 
2696-22 212008 29.5 
2695-16 212089 32,3 
2696-19 212090 31,3 
2695-17 212091 33,0 
2695-22 212092 32,5 
2697-3 212093 32,0 
2698-17 212091 32,3 
2697-1 212095 35,5 
2697-10 212096 31,0 
2696-1 212097 33,3 
2696-13 212098 35,8 
2697-11 212099 30,8 
2698-11 212100 33.3 
1161-3 X 1161-10 221001 27,8 
1161-1 X 1162-13 221002 25.5 
1161-5 X 1162-5 221003 30.0 
1161-7 X 1162-6 221001 29.0 
1161-17 X 1162-20 221005 30.3 
EARHT PLTUT TON 
c m  c m  
135.14 257.0 HI. 5 
116.2 217.9 22.1 
122.7 211.8 17.2 
101.2 216.7 21.6 
112.8 227.1 16.2 
103.7 222.6 19.3 
153.7 239.7 17.1 
151.3 211.5 28.6 
96.1 200.1 17.6 
111.7 218.7 20.8 
119.0 230.9 21.8 
126.3 222.9 19.9 
152.9 255.1 21.0 
111.1 226.8 31.9 
118.8 221.2 15.7 
121.6 221.1 17.1 
83.8 183.2 18.3 
122.8 207.7 20,1 
126.9 230.9 22.0 
127.2 219.7 18.8 
133.6 227.5 17.3 
108.5 215.3 20.0 
115.7 201.9 22.2 
120,1 212.0 29.7 
117.3 218,2 19,6 
120.1 229.0 25,1 
121,5 219.3 18.2 
120.5 225.2 19.8 
111.1 209.1 16.9 
110.5 216.1 20.5 
121.1 235.1 13.7 
101.0 213.1 11.1 
122.3 225.2 18.8 
117.6 212.1 17.1 
131.1 230.9 17.3 
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CED I GHEE ENTRY NO SLKOT 
AFTER 
6/30 
1't69-2 X 11170-13 2210'n 25.5 
1/169-3 X I'170-3 2210'I2 20.0 
1l|69-7 X 1'170-5 2210113 32.0 
TI69-9 X 1l|70-6 2210'l'l 29.0 
11169-10 X 1'l70-7 221015 31.5 
11169-16 X 1'170-18 2210'l6 32.5 
I'169-18 X 1'170-21 2210117 30.0 
11169-21 X 11170-17 2210118 27.3 
11170-1 X 1170-20 2210119 27.3 
1170-11 X 1170-16 221050 30.0 
1161-3 222001 27.0 
1161-10 222002 31.8 
1161-1 222003 27.8 
1162-13 222001 26.3 
1161-5 222005 32.0 
1162-5 222006 31.3 
1161-7 222007 33.0 
1162-6 222008 32.0 
1161-17 222009 28.3 
1162-20 222010 33.8 
1161-18 222011 32.3 
1162-21 222012 30.3 
1162-10 222013 31.0 
1162-11 222011 32.5 
1163-9 222015 27.0 
1169-6 222016 26.5 
1162-17 222017 35.0 
1162-22 222018 29.8 
1162-12 222019 31.3 
1162-19 222020 26.8 
1162-11 222021 33.5 
1163-2 222022 31.3 
1163-17 222023 32.5 
1161-17 222021 33.3 
1162-21 222025 30.3 
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13.2 
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EARIIT PLTIIT TON 










































































































PEDIGREE ENTRY NO Sl.KDT 
AFTER 
6/30 
1/170-17 222096 30.3 
11(70-1 222097 28. D 
11)70-20 222098 28.0 
11(70-11 222099 31.8 
11(70-16 222100 31.3 
MEAN: 30.1 
EARIIT PLTIIT TBN 
















110. 1 210.2 17.6 
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